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Advertisement of the Author. 



Agriculture is, no doubt, the bafis of pubiick 

welfare, becaufe it alone fupplies all the wants which nature 
has connected with our exiftence. But the arts and commerce 
form the glory, the ornament, and the riches of every polifhed 
nation •, fince our refinement, and mutual dependence on each 
other, have created a new fet of wants which require to befup- 
plied. The cultivation of the arts is therefore become almoft as 
necelTary as that of the ground ; and the true means of fecuring 
thefe two foundations of the reputation and profperity of a date, 
confift in encouraging the fcience of Chemiflry, which difcovers 
their principles. If this truth were not uniferfally acknowledg- 
ed, I might on the prefent occafion give an account of the.fuc- 
cefs with which my labours have been attended in this prov- 
ince.* I might even call upon the pubiick voice ; and it would 
declare that, (ince the eftablifhment of lectures on chemiflry, 
between three and four hundred perfons have every year derived 
advantage from inflructions in this fcience. It is well known 
that our ancient fchools of medicine and forgery, whofe fuccefs 
and fplendour are connected with the general interefl of this 
province, are more flourifhing and more numerous fince that 
period. And with the fame confidence I might appeal to the 
pubiick, that our manufactures are daily increasing in perfection* 
that feveral new kinds of induflry have been introduced into 
Languedoc ; that, in a regular fucceffion, abufes have been re- 
formed in the manufactories, while the procefies of the arts have 
been fimplified ; that the number of coal mines actually 
wrought is increafed ; and that, upon my principles, and in con* 
fequence of my care and attention, manufactories of alum, of oil 
of vitriol, of copperas, of brown red, of artificial pozzola.ia, of 
cerufe, of white lead, and others, have been eftablilhed in fever- 
al parts of the province. 

Chemiflry is therefore eflentially connected with the reputa- 
tion and profperity of a ft ate ; and at this peculiar inftant, when 

* Languedoc, 



1 6 ADVERTISEMENT OF THE AUTHOR. 

the minds of men are univerfally bufied in fecuring the publick 
welfare, every citizen is accountable to his country for all the 
good which his peculiar fituation permits him to do. Every 
one ought to haften, and prefent to fociety the tribute of thofe 
talents which heaven has beftowed on him ; and there is no one 
who is not able to bring fome materials, and depofite them at 
the foot of the fuperb edifice which the virtuous adminiftrators 
are raifing for the welfare of the whole. It is with thefe views 
that I have prcfumed to offer to my countrymen the work which 
I at prefent publifh ; and I entreat them to exercife their feveri- 
ty upon the intention of the author only, but to referve all their 
indulgence to the work. 

I publifh thefe elements of Chemiflry with the greater confi- 
dence, becaufe I have had opportunities myfelf of obferving the 
numerous applications of the principles which conflitute its 
bafis to the phenomena of nature and art. The immenfe eflab- 
lifhment of chemical products which I have formed at Mont- 
pellier, has allowed me to purfue the developement of this doc- 
trine, and to obferveits agreement with all the facts which the 
various operations prefent to us. It is this doctrine alone 
which has led me to Gmplify mod of the pro'ceiTes, to bring 
fome of them to perfection, and to rectify all my ideas. It is 
therefore with the mofl intimate confidence that I propofe it. 
I find no difficulty in making a publick acknowledgment that I 
have for fome time taught a different doctrine from that which 
I at prefent offer. I then believed it to be true and folid ; but 
I did not on that account ceafe to confult nature. I have con- 
ftantly entered into this refearch with a mind eager for improve- 
ment. Natural truths were capable of fixing themfelves with 
all their purity in my mind, becaufe I had banifhed prejudice ; 
and infenfibly I found myfelf drawn by the force of facts to the 
doctrine I now teach. Let other principles imprefs the fame 
conviction on my mind ; let the fame number of phenomena 
and facts exhibit themfelves in their favour ; the fame number 
of happy applications to the operations of nature and of art ; 
let them appear to my mind with all the facred characters of 
truth j and I will publifh them with the fame zeal ; and with 
the fame intereft. I condemn equally the man who, at- 
tached to the ancient notions, refpects them fo much as to re- 
ject without mature examination every thing which appears to 
oppofe them ; and him who embraces with enthufiafm, and al- 
noil without reflection, the principles of any new doctrine. 
Both are worthy of compaflion if they grow old in their preju- 
dices j and both are worthy of blame if they perpetuate tLcm. 



ADVERTISEMENT OF THE AUTHOR. 17 

I have been careful to banifh all difcuffions from my work. 
That fpirit of party which but too often caufes a divifion between 
perfons who are purfuing the fame objects, that tone of bitter- 
nefs which predominates in certain difputes, that want of can- 
dour which is infenfibly produced by the movements of felf-love, 
have but too long retarded the progrefs of our knowledge. The 
love of truth is the only pafhon which a philofopher ought to 
indulge. The fame object, the fame intereft, tend to Unite 
chemifts. Let the fame fpirit infpire them, and direct all their 
labours. Then we (hall foon behold chemiftry advancing in a 
rapid progrefs ; and its cultivators will be honoured with the 
fuffrage and the gratitude of their countrymen. 

I have endeavoured in this work to explain my ideas with 
clearnefs, precifion, and method. I know by experience that 
the fuccefs of any work, and its various degrees of utility, often 
depend on the form under which the doctrine which it contains 
is difplayed ; and it has accordingly been my intention to fpare 
no pains in exhibiting the truths which form the bafis of this 
Work in all the characters they are juftly entitled to. 

In compofing thefe elements of chemiftry, I have availed my- 
felf with advantage of all the facts which I have found in the 
works of the celebrated chemifts who adorn this age. I have 
even made no fcruple to follow their method in drawing up 
certain articles ; and have transferred into my own work, al- 
moft without alteration, thofe facts which I have elfewhere 
found defcribed with a greater degree of precifion and perfpi- 
cuity than I might have been capable of beftowing on them. 
This proceeding, in my opinion, renders homage to authors in- 
ftead of robbing them. If fuch a proceeding might jultify re- 
clamations, MefTrs. Lavoifier, De Morveau, Berthollet, De 
Fourcroy, Sage, Kirwan, &c. might eafily declare againft me. 

I was well aware that the pretenfion of knowing, difcuffing, 
and methodically diftributing the whole of our prefent fcience 
of chemiftry, was an enterprize beyond my a"bility. This fci- 
ence has made fo great a progrefs, and its applications are fo 
multiplied, that it is impoflible to attend to the whole with the 
fame care ; and it appears to me that the writer of an elemen- 
tary work ought at prefent to attend principally to the develope- 
ment of general principles, and content himfelf in pointing out 
the confequences, and their applications. In this way of pro- 
ceeding we (hall follow the method which has long been prac- 
tifed, in the ftudy of the mathermiticks ; the principles of which, 
nearly infulated, and feparated from all application -form the 
firft ftudy of him who means to acquire them. 
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To obtain a thorough acquaintance with all the knowledge 
which has been acquired in chemiftry until our time, the chem- 
ical part of the Encyclopedic Methodique may be confulted. 
In this work the celebrated author gives the moil intercfting ac- 
count of the progrefs of the fcience. Here it is that he difculf- 
es the feveral opinions with that candour and energy which be- 
come the man of letters, whofe mind is directed to truth only. 
Here it is that he has made a precious depofite of all the knowl- 
edge yet acquired, in order to prefent to us in the fame point 
of view all which has been done, and all which remains to be 
done : and here, in a word, it is that Mr. De Morveau has ren- 
dered the mod (Inking homage to the truth of the doctrine we 
now teach ; becaufe, after having combated fome of its princi- 
ples in the firft volume, he has had the courage to recant, the 
moment the facts (cen in a better point of view, and repeated 
experiments, had fufficiently enlightened him. This great ex- 
ample of courage and candour is doubtlefs honourable to the 
learned man who gives it ; but it cannot fail to add ft ill more 
to the confidence which may be placed in the doctrine which is 
its object. 

The developement of the principles upon which the New 
Nomenclature is eftablifhed, may be found in the Elementary 
Treatife of Chemiftry of Mr. Lavoifier ; and I refer likewife to 
this excellent work for the figure and explanation of all the ap- 
paratus I (hall have occafion to fpeak of. I take this ftep the 
more earneftly, becaufe, by aflbciating my own productions to 
thofe of this celebrated chemift, I entertain the hope of fecuring 
their fuccefs, and can deliver them into the hands of the publick 
with the greater confidence. 



$reiimina*i> discourse* 



IT appears that the ancient nations pofTefTed fome no- 
tions of chemiftry. The art of working metals, which dates 
from the moll remote antiquity ; the luftre which the Phoeni- 
cians gave to certain colours ; the luxury of Tyre ; the numer- 
ous manufactures which that opulent city included within its 
walls — all announce a degree of perfection in the arts, and fup- 
pofe a confiderable extent and variety of chemical knowledge. 
But the principles of this fcience were not then united into a 
body of doctrine ; they were concentrated in the workGiops of 
the manufactures, where they had their origin : and obferva- 
tions alone, tranfmitted from one operator to another, enlighten- 
ed and conducted the fteps of the artifts. Such, no doubt, has 
been the origin of all the fciences. At firft they prefented un- 
connected facts ; truths were confounded with errour ; time 
and genius alone could clear up the confufion ; and the pro- 
grefs of information is always the fruit of How and painful ex- 
periment. It is difficult to point out the precife epocha of the 
origin of chemical fcience ; but we find traces of its exiftence 
in the molt remote ages. Agriculture, mineralogy, and all the 
•arts which are indebted to it for their principles, were cultivated 
and enlightened. V/e behold the original nations, immediately 
fucceeding the fabulous ages, furrounded by all the arts which 
fupplied their wants ; and we may compare chemiftry to that 
famous river, whofe waters fertilize the lands they inundate, but: 
whofe fources are (till to us unknown. 

Egypt, which appears to have been the nurfe of chemiftry j re- 
duced to principles, was not flow in turning the applications of 
this fcience towards a chimerical end. Tht firlt feeds of chem- 
iftry were foon changed by the paflion of making gold. In a 
moment all the labours of operators were directed towards al- 
chemy alone ; the great object of ftudy became fixed on an en- 
deavour to interpret fables, allufions, hieroglyphicks, &c. ; and 
the indultry of feveral centuries was confecrated to the enquiry 
after the philofopher's ftone. But though we admit that the 
alchemilts have retarded the prcgrefs of chemiftry, we are very 
far from being difpofed to any outrage on the memory of thefe 
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philofophers ; we allow them the tribute of efteem to which on 
fo many accounts they are entitled. The purity of their fenti- 
inents, the fimplicity of their manners, their fubmjfnon to Prov- 
idence, and their love for the Creator, penetrate with veneration 
all thofe who read their works. The profoundeft views of ge- 
nius are every where feen in their writings, allied with the moft 
extravagant ideas. The moft fublime truths are degraded by ap- 
plications of the moft ridiculous nature ; and this aftonifhing 
contraft of fuperftition and philofophy, of light and darknefs, 
compels us to admire them, even at the inftant that we cannot 
withold our cenfure. We mult not confound the feci: of al- 
chemifts, of whom we fhall proceed to fpeak, with that crowd 
of impoftors, that fordid multitude of operators at the furnace, 
whofe refearches were directed to the difcovery of minds capa- 
ble of being impofed upon, who fed the ambition of fuch weak 
minds by the deceitful hope of increafing their riches. This 
laft clafs of vile and ignorant men has never been acknowledged 
by the true alchemifts ; and they are no more entitled to that 
name, than the vender of fpecificks on the ftage to the honoura^ 
ble name of Phyfician. 

The hope of the alchemift may indeed be founded on a {len- 
der bans j but the great man, the man of genius, even at the 
time when he is purfuing an imaginary object, knows how ta 
profit by the phenomena which may prefent themfelves, and de- 
rives from his labours many ufeful truths, which would efcape 
the penetration of ordinary men. Thus it is that the alchemifts 
have fucceffively enriched pharmacy and the arts with moft of 
their compofitions. The ltrong defire of acquiring riches has 
in all times been a paflion fo general, that this fingle motive has 
been fufEcient to lead many perfons to the cultivation of a fci- 
i ence which has more relation than any other to metals •, which 
studies their nature more particularly, and appears to facilitate 
the means of compofing them. It is known -that the Abdarites 
did not begin to confider the fciences as an occupation worthy 
a reafonable man, until they had feen a celebrated philofopher 
enrich himfelf by fpeculations of commerce : and I do not doubt 
but that the defire of making gold has decided the vocation of 
feveral chemifts. We are therefore indebted to alchemy for 
feveral truths, and for feveral chemical profeffors : but this ob- 
ligation is fmall in comparifon to the mafs of ufeful truth which 
might have been afforded during the courfe of feveral centuries j 
if, inftead of endeavouring to form the metals, the operations of 
chemifts had been confined to analyfing them, fimpiifying the 
means of extracting them, combining them together, working 
them, and multiplying and rectifying their ufes. 
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The rage for making gold was fucceedetl by the feduclive 
hope of prolonging life by means of chemiftry. The perfua- 
fuafion was eafily admitted, that a fcience which affords reme- 
dies for all diforders might without effort fucceed in affording; 
a univerfal medicine. The relations which have been handed 
down to us of the long life of the ancients, appeared to be a 
natural effect of their knowledge in chemiftry. The numer- 
ous fables of antiquity obtained the favour of being admitted 
among eftablifhcd facts ; and the alchemifts, after having ex- 
haufted themfelves in the fearch after the philofopher's ftone, 
appeared to redouble their efforts to arrive at an object ftill 
more chimerical. At this period the elixirs of life, the arcana, 
the polychreft medicines, had their origin : together with all 
thofe monftrous preparations, of which a few have been handed 
down even to our days. 

The chimera of the univerfal medicine agitated the minds o£ 
moft men in the fixteenth century ; and immortality was then: 
promifed with the fame effrontery as a charlatan now announ- 
ces his remedy for every difeafe. The people are eafily feduced 
by thefe ridiculous promifes •, but the man of knowledge cart 
never be led to think that chemiftry can fucceed in reverfing 
the general law of nature, which condemns all living beings to 
renovation, and a continual circulation of decompofitions and 
fucceffive generations. This fact gradually became an object of; 
contempt. The enthufiafl: Paracelfus, who after having flatter- 
ed himfelf with immortality, died at the age of forty-eight, at 
an inn at Saltfhurg, completed its difgrace. — From that mo- 
ment the fcattered remains of this feci: united themfelves 
never more to appear again in publick. The light, which be- 
gan to fhine forth on all fides, rendered it neceflary that they 
fhould have recourfe to fecrecy and obfcurity ; and thus at 
length chemiftry became purified. 

James Barner, Bohnius, Tachenius, Kunckel, Boyle, Crol- 
lius, Glafer, Glauber, Schroder, &c. appeared on the ruins of 
thefe two feels, to examine this indigefted aggregate, and fep- 
arate from the confufed mafs of phenomena, of truth and of 
errour, every thing which could tend to enlighten the fcience. 
The feci of the adepts, urged on by the madnefs of immortali- 
ty, had difcovered many remedies * and pharmacy and the arts 
then became enriched with formulae and compofitions, whofe 
operations required only to be reclined, and their applications 
better eftimated. 

Nearly at the fame time appeared the celebrated Becher. 
He withdrew chemiftry from the too narrow limits of phar- 
macy. He fhewed its connection with all the phenomena of 
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nature ; and the theory of the formation of metals, the pheno- 
mena of fermentation, the laws of putrefaction, were all com- 
prehended and developed by this fuperiour genius. Chemiltry 
■was then directed to its true object : and Stahl, who fucceed- 
ed Becher, reduced to certain general principles all the facts 
•with which his predeceffor had enriched the fcience. He 
fpoke a language I itical : lie claffed all the fafts with 

•order and method ; and purged the fcience of that alchemick 
infection, to which Becher himfelf was too much attached. 
But if we confider how great are the claims of Siahl, and how 
few the additions which have been made to his doClrine until 
the middle of this century, we cannot but be aftonifhed at the 
fmall progrefs of the fcience. When we confult the labours of 
the cher.,nftc who hare appeared iince the time of Stahl, we 
fee moft of them chained down to the fteps of this great man, 
blindly fubferibing to all his ideas ; and the labour of think- 
ing appeared no longer to exift among them. Whenever a 
well made experiment threw a gleam of light unfavourable to 
Jiis dodhine, we fee them torment themfelves in a ridiculous 
inanner to form a delufive interpretation. Thus it was that 
the increafe of weight which metals acquire by calcination, 
though little favourable to the idea of the fubtraction of a prin- 
ciple without any other addition, was neverthelefs incapable of 
injuring this doctrine. 

The almoft religious opinion which enSaved all the chemifts 
to Stahl, has no doivbt been pernicious to the progrefs of chem- 
iftry. But the ftrong defire of reducing every thing to hrft 
principles, and of eftablifhing a theory upon incomplete experi- 
ments or fadts imperfectly feen, did not admit of the fmalleft 
obftacles. From the moment that analyfis had (hewn fome of 
the principles of bodies, the chemift thought himfelf in poficf- 
fion of the fir ft agents of nature. He confidered himfelf as 
•authorized to regard thofe bodies as elements which appeared no 
longer fufceptiblc of being decompofed. The acids and the al- 
kalis performed the principal part in natural operations : and it 
appeared to be a truth buried in oblivion, that the term where 
the artilt flops is not the point at which the Creator has limited 
his power : and that the (aft refult of analyfis does indeed mark 
the limits of art but does not fix thofe of nature. We might 
likewife reproach certain chemifts for having too long neglect* 
•ed the operations < rig fyftems. They confined them- 

felves in their laboratories', ftudied no bodies but in their li 
?dsftate, ai. ' were incapable of acquiring any knowledge but 
fuch as was very in .: .• for he who in his refearches, has 

tlwu that of afcea the principle* 
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of a subftance, a£is like a phyfician who fhould fuppofe he had 
acquired a complete notion of the human body by confining 
his ftudies to the dead carcafs. But we mud likewife obferve, 
that in order to form a proper notion of the phenomena of liv- 
ing bodies, it is neceflary to pofiefs the means of confining the 
gafeous principles which efeape from bodies ; and of analyfing 
thefe volatile and invifible fubftances which combine together. 
Now this work, was importable at that time j and we ought to 
beware of imputing to men thofe errours which arife from the 
flate of the times in which they lived. 

It may perhaps be demanded on this occasion, why 
chemiftry was fooner known, and more generally culti- 
vated, in Germany and in the North than in our kingdom. I 
think that many reafons may be given for this. In the 
firft place the fcholars of Stahl and of Becher muft have 
been more numerous, and confequently their inftruclion far- 
ther extended. Secondly the working of mines, having become 
a refource neceflary to the governments of the north, has been 
fmgularly encouraged -, and that chemiftry, which enlightens 
mineralogy, muft neceflarily have participated in its encourage- 
ments.* 

The ftudy of chemiftry did not begin to be cultivated to ad- 
vantage in France until the end of the laft century. The fiift 
wars of Louis XIV. fo proper to develope the talents of the art- 
ift, the hiftorian and the military man, appeared little favoura- 
ble to the peaceable ftudy of nature. The naturalift who in his- 
refearches, fees union and harmony around him, cannot be an 
indifferent fpe&ator of the continual fcenes of diforderand de- 
ftruclion ; and his genius is crufhed in the midft of troubles 
and agitations. The mind of tlie great Colbert, deeply pene- 
trated with thefe truths, quickly endeavoured to temper the fire 
of difcord, by turning the minds of men towards the only objects 

* Since the French government has facilitated the ftudy of mineralogy by 
the moft fuperb eftablifhments, we have beheld the taftc for chemiftry revive; 
the arts which have the working of metals for their object have been rendered 
more perfect, and the mines which have been wrought arc more numerous. 
Mr. Sage has been more particularly aifiduous and zealous to turn the fa- 
vour ef government towards this object. I have been a witnefs to the labo- 
rious attention of this chtmift to effect this revolution. I have beheld the 
perfonal facrificcs he made to bring it forward. I have applauded his zeal 
his motives and his talents. The fame fentiments ftill occupy my mind* 
and though I teach a doctrine at prefent which is different from his, this cir- 
cumitance arifes from the impoffibility of commanding opinions. The plii- 
lofophcr who is truly worthy of this name, is capable of diftir.guifhing the 
friend of his heart from the Have of his fyftem ; and in a word, every one 
ought to write according to his conviction; the muft facred axium of the. 
feiences being _" Amicus Plato, fed magis arnica Veritas." 
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which could fecure the peace and profperity of the ft ate. H« 
exerted himfelf to render trade flourifhing ; he eftablifhed 
manufactories ; learned men were invited from all parts, en- 
couraged and united together, to promote his vaft projects. 
Then it was that the ardour of enquiry replaced for a time the 
fury of conqueft •, and France very foon flood in competition 
with all nations for the rapid progrefs of the fciences, and the 
perfection of the arts. Lemery, Homberg, and Geoffroy arofe 
nearly at the fame time : and other nations were no longer en- 
titled to reproach us for the want of chemifts. From that mo- 
ment the exiftence of the arts appeared to be well allured. All 
the fciences which afford their firft principles, were cultivated 
with the greateft fuccefs : and it will fcarcely be credited that, 
an the fpace of a few years, the arts were drawn from a ftate ©f 
non-entity ; and carried to fuch a degree of perfection, that 
France, which had before received every thing from foreign 
countries, became in poffeffion of the glory of fupplying its 
neighbours with models and with merchandizes. 

Chemiftry and natural hiftory, however, at the beginning of 
this century, were cultivated only by a very fmall number of 
perfons ; and it was then thought that the ftudy of thefe fcien- 
ces ought to be confined to the academies. But two men, 
whofe names will be ever famous, have rendered the tafte gen- 
eral under the reign of Louis XV. The one poffeffed that no- 
ble fpirit which is a ftranger to the power of prejudice, that 
indefatigable ardour which fo eafily overcomes every obftacle, 
that opennefs of character which infpires confidence, and trans- 
fufed into the minds of his pupils that enthufiafm of which he 
himfelf felt the force. While Rouelle enlightened the fcience 
of chemiftry, Buffon prepared a revolution ftill more aftonifhing 
in natural hiftory. The naturalifts of the North had fucceed- 
ed in caufing their productions to be read by a fmall number 
of the learned ; but the works of the French naturalift were 
foon, like thofe of nature, in the hands of the whole world. 
He poffeffed the art of difFufing through his writings that lively 
intereft, that enchanting colouring, and that delicate and vigo- 
rous touch, which influence, attach, and fubdue the mind. 
The profundity of his reafoning is every where united to all that 
agreeable illufion which the moft brilliant imagination can fur- 
nifh. The facred fire of genius animates all his productions ; 
his fyftems conftantly exhibit the moft fublime profpects in their 
totality, and the moft perfect correfpondence in their minute 
parts : and, even when he exhibits mere hypothefes, we are in- 
clined to perfuade ourfelves that they avc eftablifhed truths. 
We become like the artift who, after having admired a beauti- 
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ful ftatue, ufcd his efforts to perfuade himfelf that it refpiredf, 
and removed every thing which could diftipate his iilufion. We 
take up his work with a pleafure refembling that of the man 
who turns again to deep, in hopes of prolonging the deception 
of an agreeable dream. 

Thefe two celebrated men, by diffufing the tafte for chemif- 
try and natural hiltory, by making their relations and ufes bet- 
ter known, conciliated the favour of government towards them ; 
and from that moment everyone intereltcd himfelf in the prog- 
refs of both fciences. Thofe perfons who were beft quali- 
fied in the kingdom, haftened to promote the revolution 
which was preparing. The fciences foon inferibed in their 
lift of cultivators the beloved and refpected names of La Rcche- 
foucalt, Ayen, Chaulnes, Lauraguais, Malefherve, &c. •, and 
thefe men, diftinguifhed by their birth, were honoured with a 
new fpecies of glory, which is independent of chance or pre- 
judice. They enriched chemiftry with their difcoveries, and af- 
fociated their names with all the other literati who purfued the 
fame career. They revived in the mind of the chemift that paf- 
fion for glory, and that ardour for the publickgood, which con- 
tinually excite new efforts. The man of ambition and intrigue 
no longer endeavoured to depr.efs the modeft and timid man of 
genius. The credit of men in place ferved as a defence and 
fupport againft calumny and perfecution. Recompenfes were 
affigned to merit. Learned men were defpatched into all parts 
of the world, to fludy the arts, and collect their productions. 
Men of the firft merit were invited to inftruct us with regard 
to our own proper riches ; and eftablifhments of chemiftry, 
which were made in the principal towns of the kingdom, dif- 
fufed the tafte for this fcience, and fixed among us thofe arts 
which we might in vain have attempted to naturalize, if a firm 
bifis had not been firft laid. The profeflors eftablifhed in the 
capital and in the provinces, appeared to be placed between the 
academies and the people, to prepare the latter for thofe truths 
which flow from fuch refpectable afibciations. We may con-; 
fider them as a medium which refracts and modifies the rays 
of light that iffu'e from thofe various luminous centres ; and 
directs them towards the manufactories, to enlighten and im- 
prove their practice. Without thefe favours, without this con- 
sideration and thefe recompenfes, could it have been expected 
that the moft unafTuming among philofophers would have exert- 
ed himfelf to promote the reputation of a people to whom he 
was unknown ? Could a man fo fituated reasonably hope to 
fucceed in carrying a difcovery into effect? Is it probable that 
i have poffefled a fufficient fortune to work in the large 
D 
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way, and by this means alone to overcome the numberlefs pre- 
judices which banifh men of fcicnee from manufactories ? 
contemplative fciences demand of the fovereign repofe and lib- 
erty only : but experimental fciences demand more, for they 
require affiftance and encouragement. What indeed could be 
hoped in thofe barbarous ages wherein the chemift fcarce- 
ly durft avow the nature of the occupation which in fecret 
conftituted his greatelt pleafurc. The title of chemift was 
almoft a reproach ; and the prejudice which confounded the 
profeffors of this fcience with fuch wretched projectors as are 
entitled only to pity, has probably kept back the revival of the 
arts for feveral centuries ; for chemiftry alone can afford them a, 
proper bafis. If the princes of paft times had been friends of 
the arts and jealous to acquire a pure and durable reputation ; 
if they had been careful to honour the learned, to collect their 
valuable labours, and to tranfmit to us without alteration the 
precious annals of human genius •, we mould have been difpen- 
fed from labouring among the rubbifli of early times, to con- 
fult a few of thofe remains which have efcaped the general 
wreck ; and we fhould have been fpared the regret of allowing, 
alter many ufelefs refearches, that the mailer-pieces of anti- 
quity which remain anfwer fcarcely any other purpofe than to 
give us an idea of that fuperiority to which the earlier nations 
had arrived. Time, the fword, fire, and prejudice have devour- 
ed al! : and our refearches ferve only to add to our regret for 
the loffes which the world has fuftained. 

The fcience of chemiftry poifeffes the glory, m our days, not- 
only of having obtained the protection of government, but it 
may likewife boaft of another equally elevated. This fcience 
has fixed the attention, and formed the occupation, of various 
men, in whom the habit of a profound ftudy of the accurate 
fciences had produced a neceffity of admitting nothing but what 
is proved, and of attaching themfelves only to fuch branches of 
knowledge as are fufceptible of Uriel proofs. Meffrs. De la 
Grange, Condbrcet, Vander, Monde, Monge, De la Place, 
Meufnier, Coufin, the moil celebrated mathematicians of Eu- 
rope, are all interelted in the progrefs of this fcience, and molt 
of them daily add to its progrefs by their difcoveries. 

So great a mafs of inftrutlion, and fuch ample encourage- 
ment, could net but effect a revolution in the fcience itfelf - s and 
we are indebted to the combined efforts of alt thefe learned 
men for the difcovcry of feveral metals, the creation of various 
ufeful arts, the knowledge of a number of advantageous proccf- 
fes, the working of feveral mines, the analyfis of the gales, the 
decomposition of water, the theory cf heat, the doctrine of c*> 
bullion ; and a mafs of knowledge fo abfolute and fo extend 
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refpecting all the phenomena of art and of nature, that in a very 
fliort time chemiftry has become a fcience entirely new.'. We 
might now fay with much more truth what the celebrated Bacon, 
affirmed of the chemiftry of his time ; " A new philofophy," 
fays he, « has iffued from the furnaces of the chemifts, which 
•has confounded all the reafonings of the ancients." 

But while difcoveries became infinitely multiplied in chem- 
iftry, the neceffity of remedying the confufion which had fo 
•long prevailed, was foon feen, and indicated the want of a re- 
form in the language of this fcience. There is fo intimate a re- 
lation between words and facts, that the revolution which takes 
_place in the principles of a fcience ought to be attended with a 
limilar revolution in its language : and it is no more poffible to 
.preferve a vicious nomenclature with a fcience which becomes 
enlightened, extended, and Amplified, than to polifh, civilize, 
and inftruct uninformed man without making any change in his 
natural language. Every chemift who wrote on any fubject 
was ftruck with the inaccuracy of the words in common ufe, 
and confidered himfe'lf as authorized to introduce fome change ; 
infomuc'h that the chemical language became infenfibly longer, 
more confufed, and more unpleafant. Thus carbonick acid has 
been known during the courfe of a few years, under the names 
of Fixed Air, Aerial Acid, Mephitick Acid, Cretaceous Acid, 
&c. •, and our poflerity may hereafter difpure whether thefe va- 
rious denominations were not applied to different fubftances. 
The time was therefore come, in which it was neccfTarv to re- 
form the language of chemiftry ; the imperfections of the an- 
cient nomenclature, and the difecvery of many new fubftances, 
rendered this revolution indifpenfable. But it was neceflarv 
to defend this revolution from the caprice and fancy of a few 
individuals 5 it was necefiary. to eftablifh this new language up- 
on invariable principles : and the only means of infuring this • 
purpofe was doubtlefs that of erecting a tribunal in which chem- 
ills of acknowledged merit fhould difcufs the words received, 
without prejudice and without intereft •, in which the princi- 
ples of a new .nomenclature might be eftablifhed and purified by 
the fevered logick •, and in which the language fhould be fo 
well identified with the fcience, the word fo well applied to 
the fact, that the knowledge of the one fhould lead to the 
knowledge of the other. This was executed in 1 78:} by Meffrs. 
])c Morveau, Lavoifier, Berthollet, and Dc Fouvcroy. 

In order to eftablifh a fyftetn of nomenclature, bodies muffc 
be eonhdered in two different points of view, and diftributed 
into two claffes ; namely, the clafs of fimple fubftances reputed 
2 elementary, and the clafs of combined fubftances. 
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i. t natural-and fuitable denominations which c 

be affigned to fimple fubltances, mud be deduced from a princi- 
ple and chara&eriftick property of the fubftance intended to be 
exprefled. They n vife be diftinguUhed by words which 

do not prefentany precife idea to the mind. Moft of the re- 
ceived names are eftablifbed on this laft principle, fuch as 
names of Sulphur, Phofphor»s» which do not convey any fi 
fixation in our language, and produce in our minds determinate 
ideas only, becaufe ufage has applied them to known fubltances. 
Thefe words, rendered facred by ufe, ought to be preferved in 
a new nomenclature : and no change ought to be made, except- 
ing when it is propofed to rectify vicious denominations. In 
this cafe the authors of the New Nomenclature have thought it 
proper to deduce the denomination from the principal char- 
acteriftick property of the fubftance. Thus, pure air might 
have been called Vital Air, Fire Air, or Oxigenous Gas ; be- 
caufe it is the bafis of acids, and the aliment of refpiration and 
combuftion. But it appears to me that this principle has been 
an a fmall degree departed from when the name of Azotick Gas 
■was given to the atmofpherical mephitis — i. Becaufe none of 
the known gafeous fubltances excepting vital air being propec 
for refpiration, the word Azote agrees with every one of them 
except one •, and confequently this denomination is not found- 
ed upon an exclufive property, diftin£tive and characteriitick 
of the gas ilfelf. 2. This denomination being once introduced, 
the nitrick acid ought to have been called Azotick Acid, and 
its combinations Azotates ; becaufe the acids are propofed to 
be denoted by the name which belongs to their radical. 3. If 
the denomination of Azotick Gas does not agree with this aeri- 
form fubftance, the name of Azote agrees ftilUefs with the con- 
crete and fixed fubftance ; for in this ftate ali the gafes are ef- 
fentially azotes. It appears to me therefore that the denomina- 
tion of Azotick Gas is not eftabliflied according to the principles 
which have been adopted ; and that the names given to the 
oral fubltances of which this gas conilitutes one of the elem 
arc equally removed from the pi ir .he Nomenclature. 

In order to comet the Nomenclature on this head, nothing 
re is nee. to fubftitute to this word a denomination 

lich is derived from the general fyftem made ufe of: and I 
have prefumed to propofe that of Nitrogene Gas. In the firl't 
place, it is deduced from the exclufive and chara&eriftick p 
crty of this gar>, which forms the radical of the nitrick acid. By 
e to the combinations of this fubftance- 
.>, fuch as thofe of the Nitrick Acid, 
& mer the word, which is 
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forded by the principles, adopted by the celebrated authors of- 
the nomenclature, caufes every thing to return into the order 
propofcd to be eftablifhed. 

2. The method made ufe of to afcertain the denomination-, 
fuitable to compound fubftances appears to me to be fimple 
and accurate. It has been thought that the language of this 
part of fcience ought to prefent the analyfes ; that the words 
ihould be only the expreffion of facts j and that confequently 
the denomination applied by a chemift to any fubftance which 
has been analyfed, ou^ht to render him acquainted with its con- 
ftituent parts. By following this method, the Nomenclature is 
as it were united, and identified with the fcience •, and fails and 
words agree together. Two things are therefore united, .which 
until this time appeared to have no mutual relation, the word, 
and the fubftance which it reprefented ; and by this means the 
ftudy of chemiltry is fimplified. But when we apply thefe incon- 
teftible principles to the various objects of chemiltry we ought 
to follow the analyfis Hep by liep, and upon this ground alone 
eftablifh general and individual denominations. We ought to 
it is from this analytical method that the various 
nominations have been affigned, and that the methodical dis- 
tributions of natural hiitcry have been at all times made. If man 
were to open his eyes for the firft time upon the various beings 
which people or compofe this globe, he would eftablifh their 
relation upon the comparifon of their moft evident properties, 
and no doubt would found his firft divifions upon the mod fen- 
fible differences. The various modes of exiftence, or their fev- 
al degrees of confiftence, would form his firft divifion ; and 
he would arrange them under the heads of folid, liquid, or 
m bodies. A more profound examination, and a more 
conneiied analyfis of the individuals, would foon convince 
him that the fubftances which certain general relations had in- 
to unite in the fame clafs, under a generiek denomi- 
nation, differed very effentially among each other, and that 
thefe differences neceflarily required fubdivifion. Hence he 
would divide his folid bodies into ftones, metals; vegetable fub- 
ftances, animal fubftances, Sec. his liquids would be divided 
into water, vital air, inflammable air, mephitick air, &c. When 
proceeded to cany his refearches on the nature of thefe fub- 
inces ftill farther, he would perceive that mofl of the individ- 
ls were formed by the union of fimple principles ; and here 
is tlutt his applications of the fyftem to be followed, in align- 
ing a fuitable denomination to each fubftance, would begin. 
To anfwer this purpofe, the authors of the New Nomenclature 
have endeavoured to exhibit denominations which may point 
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out the ccnftituent principles. This admirable plan has b 
carried into execution as far as relates to fubftances which are 
not very complicated, fuch as the combinations ol the principles 
with each other; the acids, earths, metals, alkalis, &c. And 
this part of the Nomenclature appears to me to leave nothing 
more to be delircd. The explanation may be ieen in the work 
publifhed on this fubject by the authors, and in the Elementary 
Treatife of Chemiftry of Mr. Lavoifier. I (hall therefore dq 
nothing more in this place than prefent a fketch of the method 
I have followed •, taking for example. the combinations of acids, 
which form the molt numerous clafs of compounds, 

The fir it ftep con lifted in comprehending under a general de- 
nomination the combination of an acid with any given bails; 
and in order to obferve a more exact arrangement, and at the 
fame time to a(R(t the memory, one common termination has 
been given to all words which denote the combination ot an 
acid. Hence the words Sulphates, Nitrates, Muriates, are ufed. 
to denote combinations of the fuiphurick, nitrick, and muriatick 
acids. The kind of combination is denoted by adding to the 
generick word the name of the body which is combined with the 
acid ; thus, the fulphate of pot-afh expreffes the combination of 
the fuiphurick acid with pct-afh. 

The modifications of thefe fame acids, dependent on the 
proportions of their canfUtuent principles, form fait s different 
from thofe we have juft fpoken of; and the authors of the New- 
Nomenclature have expreffed the modifications of the acids by 
the termination of the generick word. The difference in the 
acids arifes almoft always from the greater or lets abundance of 
oxigene. In the firft cafe, the acid affumes the epithet of Oxi- 
genated ; hence the oxigenated muriaiick acid, the oxigenated 
fuiphurick acid, &c. In the feconcl cafe, the termination of the 
word which denotes the acid, ends in otts ; hence the fulphur- 
ous acid, the nitrous acid, &c. The combinations of thefe laft 
form fulphites, nitrites, &c ; the combinations of the former 
compofe oxigenated muriates, oxigenated fulphates, &c. 

The combinations of the various bodies which compofe this 
globe are not all as fimple as thofe here mentioned , and it may 
be immediately perceived how long and troublefome the denom- 
inations would be, if attempts were made to beftow a fingle 
denomination which fhould denote the conltituent principles of 
a body formed by the union of five or fix principles. In this 
cafe, the preference has been given to the received appellation. 
and no other changes have been admitted but fuch as were ne- 
ceffary in order to fubftitute proper appellations, in Stead of thofe 
which afforded notions contrary to the nature of the objects they 
were applied to. 
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I have adopted this Nomenclature in my lecture?, and in my 
writings •> I have not failed to perceive how very advantageous- 
it ib to the teacher, how much it relieves the memory, how 
greatly it tends to produce a fade for chemiftry, and with what 
facility and preciGon the ideas and principles concerning the na- 
ture of bodies fix themfelves in the minds of the auditors. But 
I have been careful to iufert the technical terms ufed in the arts, 
or received in foeiety, together with thefe new denominations. 
I am of opinion that, as it is impoflible to change the language 
of the people, it is neceflary to defeend to them, and by that 
means render them partakers of our difcoveries. We fee, for 
example, that the artift is acquainted with the fulphurick acid 
by no other name than that of Oil of Vitriol, though the name 
of the Vitviolick Acid has been the language of chemifts for a 
century paft. We cannot hope to be more happy in this refpecr. 
than our predeceflbrs •, and, fo far from feparating ourfelves 
from the artift by a peculiar language, it is proper that we fhould 
multiply the occasions of bringing us together ; fo far from at- 
tempting to en Have him by our language, we ought rather to 
infpire his confidence by learning hia terms. Let us prove to the 
artift that our relations with him are more extended than he 
imagines -, and let us by this intimacy eftablifh mutual corref- 
pondence, and a concurrence of information, which cannot but 
redound to the advantage of the arts and of chemiftry. 

After having explained the principal objections which have 
retarded the improvement of chemiftry, and the caufes which 
in our time have accelerated its progrefs, we (hall endeavour to 
point out the principal applications of this fcience ; in which 
attempt, we think, we fhall fucceed belt by calling a general 
retrofpect over thofc arts and feiences which receive certain 
principles from it. 

Molt of the arts are indebted to accident for their difcoverv. 
They are in general neither the fruit of refearch, nor the refult 
of combination, but all of them have a more or lefs evident 
relation to chemiftry. This fcience therefore is capable of clear- 
ing up their fivft principles, reforming their abufes, Amplifying 
their operations, and accelerating their progrefs. 

Chemiftry bears the fame relation to moft of the arts, as the 
mathemalick have to the fevcral parts of fcience which depend 
on their principles. It is poffiblc, no doubt, that works of me- 
chamfm may be executed by one who is no mathematician ; 
and i'o likewife it is poffible to die a beautiful fcarlet without 
being a chemift : but the operations of the mechanick, aad of 
rive dyer, are net the lefs founded upon invariable principles, the 
knowledge of which would be of infinite utility to the artift. 
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We continually hear in manufactories of the ca id un- 

certainty of operations ; but it appears to me that this vague 
expreffion owes its birth, to the ignorance of the workmen with 
regard to the true principles of their art. For nature itfelf does 
not act with determination and difcernmsnt, but obeys invaria- 
ble laws ; and the inanimate fubftance which we make ufe of 
in our manufactures, exhibits neceflary effects, in which the 
will has no part, and confequently in which caprices cannot 
take place. Render yourfelves better acquainted with the ma- 
terials you work upon, we might fay to the artnts; ftudy more 
intimately the principles of your art ; and you will be able to 
forefee, to predict, and to calculate every effect. It is your ig- 
norance alone which renders your operations a continual feries 
of trials, and a difcouraging alternative of fuccefs and diiap- 
pointment. 

The publick, which continually exclaims that experience is 
better than fcience, encourages and fupports this ignorance on 
the part of the artift •, and it will not be remote from our ob- 
ject to attempt to afcertain the true value of thefe terms. It is 
very true, for example, that a man who has had a very long 
experience may perform operations wirh exactnefs ; but he will 
always be confined to the mere manipulation. I would com- 
pare fuch a man to a blind perfoh who is acquainted with the 
road, and can pafs along it with eafe, and perhaps even with the 
confidence and aflurance of a man who fees perfectly well ; but 
is at the fame time incapable of avoiding accidental obstacles, 
incapable of fliortening his way or taking the molt direct courfe, 
and incapable of laying down any rules which he can commu- 
nicate to others. This is the ftate of the artift of mere experi- 
ence ; however long the duration of his practice may have been, 
as the fimple performer of operations. 

It may perhaps be replied, that artifts have made very impor- 
tant difcoveries in confequence of affiduou's labour. This is in- 
deed true, but the examples arc very fcarce ; and we have no 
right to conclude, becaufe we have feen men of genius without 
any mathematical theory execute wonderful works of mechan- 
ifm, that the mathematicks aremot the bafis, or that any one has 
a right to expect to become a great mcchanick without a r 
found ftudy of mathematical principles. 

It appears to be generally admitted at prefent, that chemiftry 
is the ban's of the arts : but the artift will not derive from chem- 
iftry all the advantages he has a right to expect, until he has 
broken through that powerful barrier which fufpicion, felf-love, 
and prejudice have raifed between the chemift and himfclf. 
Suchphilofophers as have attempted to pafs this line, have ' 
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quently been repelled as dangerous innovators ; and prejudice, 
■which reigns defpotically in manufactories, has not even permit- 
ted it to be thought the procefTes were capable oi improvement. 
It is eafy to (hew the advantages which the arts might obtain 
from chemiftry, by cafting a retrofpedt over its applications to 
each of them in particular. 

I. It appears, from the writings of Columella, that the an- 
cients pofiefied a confiderable extent of knowledge refpecting 
agriculture, which was at that time confidered as the firft and 
nobleft occupation of man. But when once the objects of lux- 
ury prevailed over thofe of necefTity, the cultivation of the 
ground was left to the mere fucceflion of practice, and this firft 
of the arts became degraded by prejudices. 

Agriculture is more intimately connected with chemiftry than 
is ufually fuppofed. It mud be admitted that every man is ca- 
pable of caufing ground to bear corn ; but what a confiderable 
extent of knowledge is neceffary to caufe it to produce the 
greateft poffible quantity ! It is not enough, for this purpofe, to 
divide, to cultivate and to manure any piece of ground : a mix- 
ture is likewife required of earthy principles fo well aflbrted, 
that it may afford a proper nourifhment ; permit the roots to 
extend themfelves to a diftance, in order to draw up the nutri- 
tive juices ; give the ftem a fixed bafe ; receive, retain, and af- 
ford upon occafion, the aqueous principle, without which no 
vegetation can be performed. It is therefore efTential to afcer- 
tain the nature of the earth, the avidity with which it feizes 
water, its force of retaining it, &c. ; and thefe requifites point 
to fludies which will afford principles not to be obtained by 
mere practice but (lowly and imperfectly. 

Every grain requires a peculiar earth. Barley vegetates free- 
ly among the dry remains of granite ; wheat grows in calcare- 
ous earth, &c. And how can it be poffible to naturalize for- 
eign products, without a fufficient flock of knowledge to fupply 
them with an earth fimilar to that which is natural to them ? 

The diforders of grain and forage, and the deflruction of the 
infects which devour them, are objects of natural hiftory and 
chemiftry : and we have feen in our own times the efTential art 
of drying and preferving grain, and all thofe details which are 
interefting in the preparation of bread, carried by the labours of 
a few chemifts to a degree of perfection which feemed difficult 
to have been attained. 

The art of difpofing ftables in a proper manner, that of choof- 
ing water adapted for the drink of domeftick animals, the econ- 
omical procefles for preparing and mixing their food, the un- 
common talent of fupplying a proper manure fuited to the pa. 
E 
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ture of foils, the knowledge neceflary to prevent or to repair the" 
effects of blights — all come within the province of chemiftry ; 
and without the alTiftance of this fcience our proceeding would 
be painful, flow, and uncertain. 

We may at prefent infill upon the neceflity of chemiftry in 
the various branches of agriculture with fo much the more rea- 
fon, as government does not ccafe to encourage this firft of arts 
by recompenfes, diftinctions, and eftablifhments ; and the views 
of the ftate are forwarded by the propofal of means to render 
this art flourifhing. We fee, with the greateft fatisfacticn, that, 
by a happy turn of reflection, we begin to confider agriculture 
as the pureit, the moll fruitful, and the molt natural fource 
of our riches. Prejudices no longer tend to opprefs the huf- 
bandman. Contempt and fervitudc are no longer the inherit- 
ance received for his inceflant labours. The molt ufefui and 
the moft virtuous clafs of men is likewife that whole ftate is 
molt minutely confidered ; and the cultivator of the ground in 
France is at lait permitted to raife his hands in a ftate of free- 
dom to heaven, iti gratitude for this happy revolution. 

2. The working of mines is likewife founded upon the prin- 
ciples of chemiltry. This fcience alone points out and directs 
the levies of operations to be made upon a metal, from the mo- 
ment of its extraction from the earth until it comes to be ufed 
in the arts. 

Before the chemical analyfis was applied to the examination 
of Itones, thefe fubftances were all denoted by fuperficial char- 
acters, fuch as colour, hardnefs, volume, weight, form, and the 
pro^.rty of giving fire with the fteel. All thefe circumltances 
had given rile to methods of divifion in which every other prop- 
erty was confounded ; but the fucceflive labours of Pott, Mar- 
graaff, Bergmann, Scheele, Bayen, Dietrich, Kirwan, Lavoifierj 
De Morveau, Achard, Sage, Berthollet, Jerhard, Erhmann, 
Tourcroy, Mongez, Klaproth, Crell, Pelletier, De la Metherie, 
&c. by invtructing us concerning the constituent principles of 
every known ftone, have placed thefe fubftances in their prop- 
er fituutions, and have carried this part of chemiltry to the fame 
degree of precifion as that which we before porTerled refpecting 
the neutral falts. 

The natural hiltory of the mineral kingdom, unaffifted by 
chemiftry, is a language cornpofed of a few words, the knowl- 
edge of which has acquired the name of Mineralogift to many 
perfons. The words Calcareous Stone, Granite, Spar, Schorle, 
Feld Spar, Schiftus, Mica, &c alone compofe the dictionary of 
feveral amateurs, of natural hiltory ; but the difpofition of thefe 
fubftances in the bowels of the earth, their refpective pofition 
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in the composition of the globe, their formation and fuccefTive 
decompofitions, their ufes in the arts, and the knowledge of their 
constituent principles, form a fcience which can be well known 
and inveftigated by the chemift only. 

It is neceffary therefore that mineralogy fhould be enlighten- 
ed by the ftudy of chemiftry ; and we may oblerve that, fince 
thefe two fciences have been united, the labour of working mines 
has been fimplified, metallick ores have been wrought with 
more intelligence, feveral new metallick fubftances have been, 
difcovered, individuals have opened mines in the provinces ; 
and we have become familiar with a fpecies of induftry which 
feemed foreign, and almoft incompatible with our foil and our 
habits. Steel and the other metals have received in our manu- 
factories that degree of perfection which had till lately excited 
our admiration, and humilitated our felf-love. The fuperb 
manufacture of Creufot has no equal in Europe. Moft of our 
works are fupportcd by pit-coal ; and this new combuftible fub- 
Itance is fo much the more valuable, as it affords us time to re- 
pair our exhaufted woods, and as it is found almoft every where 
in thole barren foils which repel the ploughfhare, and prohibit 
every other kind of induftry. The eternal gratitude of this 
country is therefore due to Meflirs. Jars, Dietrich, Duhamel, 
Monet, Genfanne, &c. who firft brought us acquainted with 
thefe true rich?s. The tafte for mineralogy, which has diffufed 
itfelf within our remembrance, has not a little contributed to 
produce 'this revolution ; and it is in a great meafure owing to 
thofe collections of natural hiflory, againft which fome perfons 
have fo much exclaimed, that we are indebted for this general 
talte. Our collections have the fame relation to natural hiftory, 
as books bear to literature and the fciences. The collection 
frequently is nothing more than an object of luxury to the pro- 
prietor ; but in this very cafe it is a refource always open to 
the man who is defirous of beholding, and inftructing himfelf. 
It is an exemplar of the works of nature, which maybe confult- 
ed every moment ; and the chemift who runs over all thefe 
productions, and fubjects them to amlyfes to afcertain their 
conitituent principles, forms the precious chain which unites 
nature and art. 

3. While the chemift attends to the nature of bodies, and en- 
deavours to afcertain their conftituent principles, the natural 
philofopher ftudies their external characters, ?au\ as it were 
their phyfiognomy. The object of the chemilt ought therefore 
to be united to that of the philofopher, in order to acquire a 
complefe idea of a body. What in fact fliall wc call Air or 
,Firc, without the instruction of the chemift ? Fluids more or 
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lefs compreflible, ponderous and elaflick. What arc the par- 
ticulars of information which natural philofophy affords us con- 
cerning the nature of folids ? It teaches us to diftinguifh them 
from each other, to calculate their weight, to determine their 
figure, to afcertain their uies, &c. 

If we call our attention upon the numerous particulars which 
chemiftry has lately taught us refpecting air, water, and fire, we 
fhall perceive how much the connexion of thefe two fciences 
has been ftrengthened. Before this revolution, natural philofo- 
phy was reduced to the fimple difplay of machines ; and this 
coquetry, by giving it a tranfient glare, would have impeded its 
progrefs, if chemiftry had not reftored it to its true deftination. 
The celebrated chancellor Bacon compared the natural magick, 
or experimental philofophy, of his time, to a magazine in which 
a few rich and valuable moveables were found among a heap of 
toys. The curious, fays he, is exhibited inftead of the ufeful. 
What more is required to draw the attention of great men, and 
to form that tranfient faQiion of the day which ends in con- 
tempt ? 

The natural philofophy of our days no longer deferves the re- 
proaches of this celebrated philofopher. It is a fcience found- 
ed on two bafes equally folid. On the one parr, it depends on 
mathematical fcience for its principles ; and, on the other it 
refts upon chemiltry. The natural philofopher will attend 
equally to both fciences. 

The ftudy of chemiftry, in certain departments, is fo inti- 
mately connected with that of natural philofophy, that they are 
infeparable ; as, for example, in refearches concerning air, wa- 
ter, fire, &c. Thefe fciences very advantageoufly aflift each 
other in other refpec~ls •, and while the chemift clears minerals 
from the foreign bodies which are combined with them, the 
philofopher fupplies the mechanical apparatus neceffary for ex. 
ploring them. Chemiftry is infeparable from natural philofo- 
phy, even in fuch parts as appear the mod independent of it ; 
fuch, for example as opticks, where the natural philofopher can 
make no progrefs but in proportion as the chemift (hall bring 
his glafs to perfection. 

The connection between thefe two fciences is fo intimate, 
that it is difficult to draw a line of diftinCtion between them. 
If we confine natural philofophy to enquiries relative to the ex- 
ternal properties of bodies, we fhall afford no other object but 
the mere ou:fide of things. If we reltrain the chemiit to the 
re analyfis, he will at moft arrive at the knowledge of the 
constituent principles of bodies, and will be ignorant of 
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their functions. Thefe diftinctions in a fcicnce which 
has but one common purpofe, namely, the complete knowl- 
edge of bodies, cannot longer exift ; and it -appears to me 
that we ought abfolutely to reject them in all objects which can 
only be well examined by the union of natural philofophy and 
chemiftry. 

At the period of the revival of letters, it wasof advantage to fep- 
arate the learned, as it were, upon the road to truth ; and to multi- 
ply the workfhops,if I may ufe the exprefiion, to haften the clear- 
ing away. But at prefent, when the various points are re-united, 
and the connection between the whole is feen, thefe feparations, 
thefe divifions, ought to be effaced •, and we may flatter ourfelves 
that, by uniting our efforts, we may make a rapid progrefs in the 
ftudy of nature. The meteors, and all the phenomena of which 
the atmofphcre is the grand theatre, pan be known only by this 
re-union. The decompofitkm of water in the bowels of the 
earth, and its formation in the fluid which furrounds us, cannot 
but give rife to the moft happy and the nioft fublime applica- 
tions. 

4. The connection between chemiftry and pharmacy is fo> 
intimate, that thefe two fciences have iong been confidered a» 
one and the fame ; and chemiftry, for a iong time, was culti- 
vated only by phyficians and apothecaries. It muft be allowed 
that, though the chemiftry of the prefent day is very different 
from pharmacy, which is only an application of the general prin- 
ciples of this fcience, thefe applications are fo numerous, the 
clafs of perfons who cultivate pharmacy is in general fo well in- 
formed, that it is not at all to be wondered at, that moft apoth- 
ecaries fhould endeavour to enlighten their profeflion by a feri- 
ous ftudy of chemiftry, and by thehappiefl agreement unite the 
knowledge of both parts of fcience. 

The abufes which, at the beginning of the prefent century, 
were made of the applications of chemiftry to medicine, have 
caufed the natural and intimate relations of this fcience with the 
art of healing to be miftaken. It would have been more pru- 
dent, no doubt, to have rectified its applications ; but unfortu- 
nately we have too much ground to reproach phyficians forgo- 
ing to extremes. .They have, without reftriction, banifned 
that which they before received without examination ; and we 
have feen them fuccefhvely deprive their art of all the afliftance 
it might obtain from the auxiliary fciences. 

In order to direct with propriety the applications of chemiftry 
to the human body, proper views mult be adopted relating to 
the animal economy, together with accurate notions of chemif- 
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try itfelf. The refults of the laboratory muft be confidered as 
iubordhute to phyfiological obfervations. We fhould endeav- 
our to enlighten the one by the other, and to admit no truth as 
eltablifhed which is contradicted by any of thefe means of con- 
viction. It is in confequence of a departure from thefe prin- 
ciples that the human body has been confidered as a lifelefs and 
paffive fubftance \ and that the drift principles obferved in the 
operations of the laboratory have been applied to this living fyf- 
tern. 

In the mineral kingdom, every thing is fubjected to the inva- 
riable laws of the affinities. No internal principle modifies the 
aflion of natural agents j and hence it arifes that we are capa- 
ble of foretelling, producing or modifying the effects. 

In the vegetable kingdom, the action of external agents is e- 
-qually evident ; but the internal organization modifies their ef- 
fects, and the principal functions of vegetables arife from the 
combined action of external and internal caufes. It was no 
doubt for this reafon that the Creator difpofed the principal or- 
gans of vegetation upon the furface of the plant, in order that 
the various functions might at the fame time receive the impref- 
fions of external agents, and that of the. internal principle of the 
organization. 

In animals the functions are much lefs dependent, on exter- 
nal caufes ; and nature has concealed the principal organs in 
the internal parts of their bodies, as if to withdraw them from 
the influence of foreign powers. But the more the functions 
of an individual are connected with its organization, the lefs is 
the empire of chemittry over them ; and it becomes us to be 
cautious in the application of this fcience to all the phenomena 
which depend eflcntially upon the principles of life. 

We muft not, however, confider chemittry as foreign to the 
.fludy and practice of medicine. This fcience alone can teach 
*is the difficulty and art of combining remedies. This alone can 
teach us to apply them with prudence and firmnefs. Without 
the affiftance of this fcience, the practitioner would fcarcely ven- 
ture to apply thofe powerful remedies from which the chemical 
pliyfician knows the means of deriving fuch great advanl 
■Chemillry alone, in all probability, is capable of affording means 
of combating epidemick disorders, which in mod cafes arc caufed 
by an alteration in the air, the water, or our food. 'It will be 
only in confequence of analyfis .that the true remedy can Vc 

id againft thofe ftory concretions which form the m; 
•of the gout, the done, the rbeumatifm, Sec. ; and the valuable 
r-iculars of information which we now p.cllcfs refpecting 
utian, and the nature of the principal humours cf the hu.- 
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iBan body, are like wife among the benefits arifing from this 
fcience. 

5. Chemiftry is not only of advantage to agriculture, phyfick, 
mineralogy, and medicine, but its phenomena are interefting to 
all the orders of men : the applications of this fcience are fo 
numerous, that there are few circumftances of life in which the 
chemift does not enjoy the pleafure of feeing its principles ex- 
emplified. Moft of thofe facts which habit has led us to view 
■with indifference are interefting phenomena in the eyes of the 
chemift. Every thing inftructs and amufes him ; nothing is in- 
different to him, becaufe nothing is foreign to his purfuits ; and 
nature, no lefs beautiful in her moft minute details than fublime 
in the difpolition of her general laws, appears to difplay the 
whole of her magnificence only to the eyes of the chemical phi- 
lofopher. 

We might eafily form an idea of this fcience, if it were poffi- 
ble to exhibit in this place even a fketch of its principal appli- 
cations. We fhould fee, for example, that chemiftry affords us 
all the metals of which the ules are fo extenfive ; that chemiftry 
affords us the means of employing the parts of animals and of 
plants for our ornament : that our luxuries, and our fubfiftence, 
are by this fcience eftablifhed as a tax upon all created beings ; 
and that by this power we are taught to fubject nature to our 
■wants, our tafte, and even to our caprices. Fire, that free, inde- 
pendent element, has been collected and governed by the induf- 
try of the chemift ; and this agent, deftined to penetrate, to en- 
liven, and to animate the whole of nature, has in his hands be- 
come the agent of death, and the prime minifterof deftruction. 
The chemifts who in our time have taught us to infulate that 
pure air which alone is proper for combuftion, have placed in 
our hands, as it were, the very effence of fire : and this ele- 
ment, whofe effects were fo terrible, becomes the agent of ftill 
more terrible confequences. The atmofphere, which was form- 
erly confidered as a mafs of homogeneous fluid, is now found to 
be a true chaos, from which analyfis has obtained principles fo 
much the more interefting to be known, as nature has made 
them the principal agents of her operations. We may confider 
this mafs of fluid in which we live as a vaft laboratory, in which 
the meteors are prepared, in which all the feeds of life and death 
are developed, from which nature takes the elements of the 
compofition of bodies, and to which their fubfequent decompo- 
fition returns the fame principles which were before extracted. 

Chemiftry, by informing us of the nature and principles of 
bodies, inftructs us perfectly concerning our relation to the ob- 
jects around us. This fcience teaches us, as it were, to five 



40 PRELIMINARY DISCOURSE. 

with them ; and im.presTes a true life upon them, fince by tin' 
means each body has its name, its character, its ufes, and its in- 
fluence, in the harmony and arrangement of this univerfe. 

The chemift, in the midst of thofe numerous beings which 
the common race of men accufe nature of having vainly placed 
upon our globe, enjoys the profpect as it were in the centre of 
a fociety, all whoie members are connected together by inti- 
mate relations, and concur to promote the general good. In 
his fight every tiling is animated, every being performs a part 
on this vaft: theatre ; and the chemift who participates in thefe 
interesting fcenes, is repaid with ufury for his firlt exertions to 
difcover the relations cxifting between them*. 

We may even confider this commerce, or mutual relation 
between the chemift and nature, as very proper to foften the 
manners, and to imprefs on the character that freedom and nrrn- 
nefs of principle fo valuable in fociety. In the study of natural 
hiftory, no caufe ever prefents itfelf to complain of inconftancy 
or treachery. An attachment is eafily contracted for objects 
which afford enjoyment only ; and thefe connections are as 
pure as their object, as durable as nature, and ftronger in pro- 
portion to the exertions which have been required to eftablifh 
them. 

From all thefe considerations, there is no fcience which more 
eminently deferves to enter into the plan of a good education 
than chemiftry. We may even affirm that the ftudy of this 
fcience is almoft indifpenfably neceHary to prevent us from being 
itrangersin the midft of the beingsand phenomena whichfurround 
us. It is true indeed that the habit of beholding the objects of 
nature may produce a knowledge of fome of their principal prop- 
erties. We may even in this way arrive at the theory of fome of 
the phenomena. But nothing is more proper to check the pre- 
tentions of young perfons, who are elevated by fuch imperfect 
acquisitions, than to fhew them the vaft field cf which they are 
ignorant. The profoundest fentiment of their ignorance will 
be feconded by the natural defire of acquiring new knowledge. 
The wonderfal properties of the objects prefented to them will 
engage their attention. The interesting nature of the phenom- 
ena will tend to excite their curiofity. Accuracy of experiment, 
and ftrictnefs of refult, will form their reafoning powers, and 
render them fevere in their judgment. By studying the prop- 
erties of all the bodies which furround him, the young fcholar 
learns to know their relation with htmfelf ; and by fucceffively 
attending to all objects, he extends the circle of his enjoyment 
by new conquests. He becomes a partaker in the privileges of 
the Creator, by uniting anddifuniting, by compounding and de- 
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ftroying. We might even affirm that the Author of nature, re- 
ferving to himfelf alone the knowledge of his general laws, has 
placed man between himfelf and matter, that it may receive thefe 
laws from his hands, and that he may apply them with proper 
modifications and reftrictions. In this view, therefore, we may 
confider man as greatly fuperiour to the other beings which com- 
pofe this living fyftem. They all follow a monotonous and in- 
variable procefs ; receive the laws, and fubmit to effecls without 
modification, Man alone poffeffes the rare advantage of know- 
ing a part of thefe laws, of preparing events, of predicting re- 
fults, of producing effects at pleafure, of removing whatever is 
noxious, of appropriating whatever is beneficial, of composing 
fubftances which nature herfelf never forms ; and, in this Iaft 
point of view, himfelf a Creator, he appears to partake with the 
Supreme Being in the moft eminent of his prerogatives. 
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PART THE FIRST. 
CONCERNING THE CHEMICAL PRINCIPLES. 



INTRODUCTION. 

Definition of Chemiftry ; its Obj.e<ft and Means — Defcription of a Lab- 
oratory, and the principal Instruments employed in chemical Opera- 
tions, with a definition of thole Operations. 

\ 

V>iHEMISTRY is a fcience, the object of which is to 
ascertain the nature and properties of bodies. 

The methods ufcd to obtain this knowledge are reducible to 
.two ; analyfisand fynthefis. 

The principal operations of chemiftry are performed in a plac6 
called a Laboratory. 

/ iboratory ought to be extenfive and well aired, in order 
to prevent dangerous vapours from remaining, which are pro- 
duced in fome operations, or which may efcape by any unfore- 
feen accident. It ought to be dry, becaufe otherwife iron veflels 
would ruft, and molt of the chemical products would be liable 
to change. But the principal excellence of a laboratory confifts 
in its being furnifhed with all thofe inltruments which may be 
employed in the ftudy of the nature of bodies, and in enquiries 
reflecting their properties. 

Among thefe inltruments there are fome which are of gen* 
cral ufe, and applicable to moft operations ; and there are other* 
which ferveonly for peculiar ufes. This divifion immediately 
points out that, at the prefent inltant, we can only treat of the 
former, and that we muft defcribe the others on fuch occafions 
as will render it necefTary to treat of their ufes. 

The chemical inftruments moft frequently employed are thofe 
which prefent themfelves flrft to view upon entering a laborato- 
ty j namely, the furnaces. 
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Thcfe furnaces confifl of earthen veflels appropriated to the 
various operations performed upon bodies by means of fire. 

A proper mixture of fand and clay is commonly the material 
of which thefe veflels are formed. It is difficult, and even im- 
poflible, to prefcribe and determine, according to any invariable 
method, the proportions of thefe conflituent parts ; becaufe 
they mufl be varied according to the nature of the earth made 
ufe of. Habit and experience alone can furniih us with princi- 
ples on this fubje£l. 

The feveral methods of applying fire to fubflances under ex- 
amination, has occafioned the conflru£tionof furnaces in di;7er- 
ent forms, which we mall at prefent reduce to the three follow- 
ing- 

I. The evaporatory furnace. — This furnace has received its 
name from its ufe. It is ufed to reduce liquid fubflances into 
vapour by means of heat, in order to feparate the more fixed 
principles from thofe which are more ponderous ; *%nd were 
mixed, fufpended, compounded, or difiblved in the fluid. 

The fire-place is covered by the evaporatory veflel. Two or 
three grooves, channels, or depreflions are made in the fides of 
the furnace near its upper edge, to facilitate the drawing of the 
lire. 

The vefTel which contains the fubftance to be evaporated, is 
called the evaporatory veflel. 

Thefe veflels are formed of earth, glafs or metal. Veflels of 
unglazed earth are too porous, infomuch that liquids filtrate 
through their texture. Thofe of porcelain bifcuit are likewiie 
penetrable by liquids flrongly heated, and fuffer gafeousor aeri- 
form fubflances to efcape. The beautiful experiments of Mr. 
D'Arcet upon the combuflion and deflruclion of the diamond, 
in balls of porcelain, are well known and tend to iiluflrate this 
fubje£t. I have confirmed thefe refults by experiments in the 
large way, upon the diftillation of aqua-fortis, which lofes as 
well in quality as quantity when the procefs is carried on in vef- 
fels of porcelain clay. 

Glazed earthen veflels cannot be ufed when the glafs con- 
fifls of the calces of lead or copper ; becaufe thofe metallick 
anatters are attacked by acids, fats, oils, &c. Neither can earth- 
en veflels be ufed which are covered with enamel, becaufe this 
kind of opaque glafs is almoft always full of fmall cracks, 
through which the liquid would introduce itfelf into the body 
of the veflel. 

Earthen veflels cannot therefore be ufed, excepting in opera- 
tions of little delicacy 1 , in which prccifion and accuracy are not 
indifpenfably required. 
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Evaporatory veflels of glafs are in general to be preferred. 
Thofe which refill the fire better than any others, are prepared 
in the laboratory, by cutting a iphere of glafs or a receiver into 
two equal parts with a red-hot iron. The capfules which are 
made in the glafs-houfe, are thickeft at the bottom, and confe- 
quently more liable to break at that part when expofed to the 
iire. 

Evaporatory veffels of metal are ufed in manufactories. Cop- 
per is moft commonly employed, becaufe it not only poffefles the 
property of refilling fire, but has a considerable degree of folidi- 
ty, together with the facility of being wrought. Alembicks are 
made of this metal, for the diftillation of vinous fpirits, and aro- 
matick fubftances ; as are alfo cauldrons or pots for the cryilalliza- 
tion of certain falts, and for feveral dying proceffes, &c. Lead is 
likewife of confiderable ufe, and is made choice of whenever op- 
erations are to be performed upon fubftances which contain the 
fulphurick acid, fuch as the fulphates of alumine and of iron ; 
and for the concentration and rectification of the oil of vitriol. 
Tin veffels are alfo employed in fome operations : the fcarlet 
bath affords a more beautiful colour in boilers of this metal than 
in thofe of any other. Capitals of tin have already begun to be 
fubftituted in the room of thofe of copper, in the construction 
of alembicks ; and by this means the feveral products of diftil- 
lation are exempted from every fufpicion of that dangerous me- 
tal. Boilers of iron are likewife ufed for certain coarfe opera- 
tions : as, for example, in the concentration of the lixiviums of 
common fait, of nitre, &c. 

Evaporatory veffels of gold, of filver, or of platina, are to be 
preferred in fome delicate operations ; but the price and fcarci- 
ty of thefe veffels do not permit them to be ufed, efpeciallv iti 
the large way. 

Moreover it is from the nature of rhe fubftance to be evapo- 
rated, that we muft determine the choice of the veffel moft fuit- 
able to any operation. There is no particular kind of veffel 
which can be adapted exclufively on all occafiorTs. It may only 
be obferved, that glafs prefents the greateft number of advanta- 
ges, becaufe it is eompofed cf a fubitance the leaft attacked, the 
leaft foluble, and the leaft deftructible, by chemical agents. 

Evaporatory veilels are known by the name of capfules, cu- 
curbits, &c. according to their feveral forms. 

Thefe veffels ought in general to be very wide and {hallow, 

in order that the diftillation :u~n\ evaporation may be fpeedy and 

ceccnomical. It is necellary, i.That the evaporatory veffel be 

irrow at its upper part. 2. That the heat be applied to the 

in all parts and equally. 3. That the column or mnfs 
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of the liquid fhould have little depth, and a large furfaoe of 
evaporation. It is upon thefe principles that 1 have conftrucled 
In Languedoc, boilers proper for diddling brandy, which fave 
eleven twelfths of the time, and four fifths of the combuftibles. 

Evaporation may be performed in three manners. i. By a 
naked fire. 2. By the fand bath. 3. By the water bath. 

Evaporation is made by a naked fire, when there is no fub- 
ftance interpofed between the fire and the veffel which contains 
the liquid intended to be evaporated j as, for example, when 
water is boiled in a pot. 

Evaporation is performed by the fand bath, when a veffel 
iilled with fand is interpofed between the fire and the evapora- 
tory veffel. The heat is in this cafe communicated more flowly 
and gradually ; and the veffels, which would otherwife have 
been broken by the immediate application of the heat, are ena- 
bled to refift its force. The heat is at the fame time more 
equally kept up ; the refrigeration is more gradual ; and the 
operations are performed with a greater degree of order, precis- 
ion, and facility. 

If, inftead of employing a veiYel filled with fand, we ufe a vef- 
fel of water, and the evaporatory veffel be plunged in the li- 
quid, the evaporation is faid to be made on the water bath : 
in this cafe, the fubftance to be evaporated is only heated by 
communication from the water. This form or method of evap- 
oration is employed when certain principles of great volatility, 
fuch as alcohol, or the aromatick principles of plants, are to be 
extracted or diftilled. It poffeffes the advantage of affording 
produces which are not changed by the fire, becaufe the heat is 
tranfmitted to them by the intervention of a liquid : it is this 
circumftance which renders the procefs valuable for the extrac- 
tion of volatile oils, perfumes, ethereal liquids, &c. It poffeffes 
the advantage of affording a heat nearly equal, becaufe the de- 
gree of ebullition is a term nearly conftant ; and this ftandard 
heat may be graduated or varied at pleafure, bv adding falts to 
the liquid of the water bath, becaufe this fingle circumftance 
renders the ebullition more or lefs quick and eafy. The fame 
effect may likewife be produced bv reftraining the evaporation ; 
for in this cafe the liquid may affume a degree of heat much 
rr.ore confiderable, as is feen in the digefter of Papin, (team en- 
gines, eolipiies, and the boilers for linking the red tinge in cot- 
ton. 

Sublimation differs from evaporation, becaufe the fubftance 
to be railed is folid. The veifels ufed in this operation are 
inown by the name of fublimatory veifels. Thefe -are com- 
monly globes terminating in a long neck : they are then calle4 
iriaitraffes. 
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Iri order to fublime any fubflance, a part of the ball of the 
mattrafs is furrounded with fand. The matter which is volatil- 
ized by the heat, rifes, and is condenfed againft the coldeft part 
of the veflel ; where it forms a ftratum or cake, that may be tak- 
en out by breaking the veflel itfelf. In this manner it is that 
fal ammoniack, corrofive fublimate, and other fimilar products, 
are formed for the purpofes of commerce. 

Sublimation is ufually performed either for the purpofe of 
purifying certain fubltances, and difengaging them from extra- 
neous matters ; or elfe to reduce into vapour, and combine 
under that form, principles which would have united with great 
difficulty if they had not been brought to that ftate of extreme- 
divifion. 

II. The reverberatory furnace.-^-The name of the reverbera- 
tory furnace has been given to that conflruflion which is appro- 
priated to diftiffation. 

This furnace is compofed of four parts. i. The afh-hole, 
intended for the free paflage of the air, and to receive the afhe* 
or refidue of the cumbultion. 2. The fire-place, feparated. 
from the afh-hole by the grate, and in which the combufl.ible> 
matter is contained. 3. A portion of a cylinder, which is called 
the laboratory, becaufe it is this part which receives the retorts 
employed in the operations or diftillations. 4. Thefe three 
pieces are covered with a dome, or portion of a fphere, pierced 
near its upper part by an aperture, which affords a free paflage 
to the current of air, and forms a chimney. The mod ufual 
form of the reverberatory furnace is that of a cylinder terminat- 
ed by a hemifphere, out of which ariies a chimney of a greater 
or lefs length, to produce a fuitable degree of afpiratioru 

In order that a reverberatory furnace may be well propor- 
tioned, it isnecefTary* 1. That the afh-hole fhould be large, to 
admit the air frefh and unaltered. 1. That the fire-place and 
laboratory together fhould have the form of a true ellipfis, whofe 
two foci fhould be occupied by the fire and the retort. la 
this cafe all the heat, whether direct or reflected, will ftrike the 
retort. 

The reverberatory furnace is ufed for diflillation. DiftiJIa- 
tion is that procefs by which the force of fire is applied to dif- 
ttnite and feparate the feveral principles of bodies, according to 
the laws of their volatility, and their feveral affinities. 

Diitilling veflels are known by the name of retorts. 

Retorts are formed of glafs, of ftone ware, of porcelain, or of 
metal ; thefe fubflances being refpeclively ufed, according to 
the nature of tins bodies intecded to be sxpofed to diftil-^ 
ktioa. 



4$ Receivers. Forge Furnace. Crucibles. 

Whatever be the nature of the material, the forms of re- 
torts are the fame. This figure refeinbles an egg, terminating 
in a beak or tube, which diminifhes infenfibly in diameter, and 
is llightly inclined or bended. 

The oval portion of the retort, which is called its belly, is 
placed in the laboratory of the furnace, and is fupported upon 
two bars of iron, which feparaie the laboratory from the fire- 
place ; while the beak or neck of the retort ifTues out of the 
furnace through a circular aperture formed in the edges of the 
dome and of the laboratory. 

A veflel intended to receive the product of the cliftillation isT 
fitted to the neck of the retort. This velTel is called the recip- 
ient, or receiver. 

The receiver is commonly a fphere with two apertures ; the 
one of confiderable magnitude, to receive the neck of the re- 
tort •, the other fmaller, to afford vent for the vapours. This 
part is called the tubulure of the receiver ; whence the terms 
lated receiver, or receiver not tubulated, &c. 
Though the reverberatory furnace be particularly adapted to 
diftillation, this operation may be performed on the fand-bath : 
ami here, as in other cafes, it depends fingly on the intelligence 
of the artift to vary his apparatus according to the ncceffity of 
circumstances, and the nature of the fubftances upon which he 
operates. 

The conftruction of thefe furnaces may likewife be varied ; 
a«d the chemift will find it neceflary to learn the art of availing 
himfelf of every apparatus he poflefTes, to carry his operations 
into execution : for if he fhould perfuade himfelf that it is im- 
poflibie to proceed in chemical refearch, excepting in a labora- 
tory provided with all fuitable veflels ; he may let the moment 
pafs in which a difcovery might be made, but which may not 
again return. And it may truly be faid, that he who treads 
fervilely in the paths of others who have gone before him, will 
never attain to the difcovery of new truths. 

111. The forge furnace. — The forge furnace is that in which 
the current of air is determined by bellows. The afh-hole, the 
fire-place, and the laboratory are here all united together, and 
this afTemblage forms only a portion of a cylinder, pierced near 
the lower angle by a fmall hole, into which the tube of the bel- 
lows enters. This part is fometimes covered with a hemifphere 
or dome, to concentrate the heat with greater efficacy, and to 
reflect it upon the bodies expofed to it. The forge furnace is 
employed in the fufion and calcination of metals, and generally 
for all the operations which are performed in crucibles. 

By crucibles we underhand veffels of earth or metal, which 
arc almofl always of the form of an inverted cone. A cruci- 
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Lie ought to fupport the ftrongeft heat without melting : it 
ought to refift the attacks of all fuch agents as are expofed to 
heat veflels of this kind. Thofe crucibles which pofl'efs the 
greatefh degree of perfection, are made in Heffe or in Holland. 
I have made very good ones by a mixture of raw and unbaked 
clay from Salavas in the Vivarais. 

Our laboratories have been provided with crucibles of platina, 
which unite the molt excellent properties. They are nearly in- 
fulible, and at the fame time indeftruclible by the fire. 

The feveral earthen veflels concerning which we have here 
treated, may be fabricated by the hand* or wrought in the lathe. 
The firlt proceeding renders them more folid, the clay is better 
united, and it is the only method ufed in glafs manufactories ; 
but the fecond method is more expeditious. 

The agent of fuch decompofitions as are effected bv means 
of furnaces, is fire. It is afforded by the combuftion of wood, 
pit-coal, or charcoal. 

Wood is only employed in certain large works ; and we pre- 
fer charcoal in our laboratories, becaufe it does not fmoke, has 
no bad fmell, and burns better in fmall mafles than other com- 
buftibles. We choofe that which is the mod fonorous, the dri- 
ed, and the lead porous. 

But, in the feveral operations we are about to defcribe, it is 
necefTary to defend the retorts from the immediate action of the 
fire ; and alfo to coerce and reftrain the expanfible vapours, 
which are very elaftick, and frequently corrofive. It is to an- 
fwer thefe purpofes that various lutes are employed. 
1 1. A glafs retort expofed to the action of the fire would in- 
fallibly break, if the operator were not to have recourfe to the 
prudent precaution of coating it with earth. 

I have found it advantageous for the coating of retorts, to 
ufe a mixture of fat earth and frefh horfe dung : for this pur- 
pofe, the fat earth is fuffered to rot for fome hours in water ; and 
when it is mo'rftened, and properly foftened, it muft be kneaded 
with the horfe dung, and formed into a foft pafte, which is to 
be applied and fpread with the hand upon every part of the re- 
tort intended to be expofed to the action of the fire. The horfe 
dung combines feveral advantages. 1. It contains a ferous 
fluid, which hardens by heat, and ftrongly connects all the parts 
together : when this juice has been altered by fermentation or 
age, the dung does not poflefs the fame virtue. 2. The fila- 
ments or ftalks of hay, which are fo eafily dilhnguifhed in horfe 
dung, unite all the parts of the lute together. 

Retorts luted in this manner refift the imprefTion of the fire 
very well j and the adhefion of the lute to the retort is fuch, 
G 
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that even fhould the retort fly dining the operation, the diftilla- 
tion may be ftill carried on, as I have daily experience in works 
in the large way. 

2- When it is required to coerce or oppofe the efcape of the 
vapours which are difengaged during any operation, it is no 
doubt fufheient if the joinings of the veilcls be covered with, 
paper glued on, or with flips of bladder moiltened with the 
lute of lime and white of egg, provided the vapours be neither 
dangerous nor corrofive -, but, when the vapours are corrofive 7 
it is'neceffary to ufe the fat lute to retain them. 

Fat lute is made with boiled linfeed oil mixed and well in- 
corporated with lifted clay. Nut oil, kneaded with the fame 
clay, forms a lute poffdling the fame properties. It is eafiiy ex- 
tended in the hand, and is ufed for defending the joinings of 
veflels, upon which it is afterwards fecured by ftrips of linen, 
dipped in the lute of lime and white of egg. Before the appli- 
cation of heat in any diftillation, it is neceffary firft to fuller 
the lutes to dry. Without this precautions the vapours would 
rife and efcape \ or otherwife they would combine with the 
water which moiffcens the lutes, and would corrode and de- 
stroy the bladder, the fkin, the paper,, and in a word, every fub- 
ftance ufed to fecure them in their places. The lute of lime 
and the white of egg dries very fpeedily, and muft be ufed the 
moment it is made. This lute, likewife, oppofes the greateft 
refiftance to the efcape of the vapours, and adheres the molt 
intimately to the glafs. It is made by mixing a fmall quantity 
of finely-powdered quick-lime with white of egg, and after- 
wards beating up the mixture to facilitate the combination. It 
muft then be inftantly applied on pieces of old linen, to be 
wrapped round the places of joining. 

In the large works* where it is not poffible to attend to all 
thefe minute details, the joinings of the retort and receiver are- 
luted together with the fame lute which is ufed to coat the re- 
torts. A covering of the thicknefs of a few lines is fufficient 
to prevent the vapours of the marine or nitrous acid from es- 
caping. 

As in certain operations a difengagement takes place of (o 
prodigious a quantity of vapours, that it is dangerous to confine 
them ; and as, on the other hand, the fu fieri ng them to efcape 
would occafion a confiderablelofs in the product ; an apparatus 
has been contrived of great ingenuity and fimplicity to moderate 
the iffue, and to retain without rifle fuch vapours as would other- 
wife efcape. This apparatus is known by the name of its au- 
thor, Mr. Woulfe, a famous Englifh chemift. His moll excel- 
lent procefs confjils in adapting the extremity of a recurved tube 
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to the tubulure of the receiver ; the other end of which is plung- 
ed into water, in a bottle half filled, and properly placed for that 
purpofe. From the empty part of this bottle iflues a fecond 
lube, which is in like manner plunged in the water of a fecond 
bottle. A number of other bottles may be added, obferving the 
fame precautions ; with the attention, neverthelefs, to leave the 
laft open, to give a free efcape to the vapours which are not co- 
ercible : and, when the apparatus is thus difpofed, all the join- 
tings are to be luted. It will eafily be imagined that the vapours 
which efcape from the retort are obliged to pafs through the 
tube adapted to the tubulure of the receiver, and confequently 
muft pafs through the water of the firft bottle : they therefore 
fuffer a firft refiftance, which partly condenfes them. But as 
almoft all vapours are more or lefs mifcible and foluble in water, 
a calculation is previously made of the quantity of water necel- 
fary to abforb the vapours which are difengaged from the mix- 
ture in the retort ; and care is taken to diftribute this proper 
quantity of water in the bottles of the apparatus. 

13y this means we obtain the pureft and mod concentrated, 
products \ becaufe the water, which is always the receiver, 
and is the vehicle of thefe fubftances, becomes faturated with 
Them. There is, perhaps, no other method of obtaining pro- 
duces always of an equal energy, and comparable in their ef- 
fects ; a circumftance of the greateft importance in the opera- 
tions of the arts, as well as in philofophical experiments. 

I have applied this apparatus to works in the large way ; and 
\ ule it to extract the common muriatick acid, the oxigenated 
muriatick acid, ammoniackor volatile alkali, &c. 

As it would very often happen, in this apparatus, that the 
prefTure of the external air would caufe the water of the outer 
veiTels to pafs into the receiver, in confequence of the fimple re- 
frigeration of the retort ; this inconvenience has been obviated, 
by inferring a ftraight tube into the necks of the firft and fecond 
bottles, to fuch a depth, that its lower end is plunged into the 
water, while its other end rifes feveral inches above the neck of 
the bottle. It may eafily be conceived, as a confequence of 
this difpofition, that when the dilated vapours of the receiver 
and retort are condenfed by cooling, the external air will rulh 
through thefe tubes to eftablifh the equilibrium ; and water can- 
not pafs from the one to the other. 

Before the invention of this apparatus, it was ufucd to drill a 
hole in the receiver, which was kepc clofed, and only opened front 
time to time for the efcape of the vapours. This method was in- 
convenient in many refpects. In the firft place, and principal- 
ly, becaufe, in fpite of all precautions, it was attended with the 
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rifle of an explofion every moment, by the irregular difengage- 
ment of the vapours, and the impofTibility of calculating the 
the quantity produced in a given time. A fecond inconven- 
ience was, that the vapours which thus efcaped occasioned a 
considerable lofs in the product, and even weakened the remain- 
der ; becaufe this volatile principle confifted of the ftrongefl 
part. A third inconvenience was, that the vapours which did 
efcape incommoded the artiSt to fuch a degree, that it was im- 
poflible to perform molt of the operations of chemiftry in the 
courfe of a lecture, where a confiderable number of auditors 
were prefent. 

Thus it is that the apparatus of Woulfe unites a number of 
advantages : on the one hand, economy in the procefles, and 
fuperiority in the product ; on the other hand, fafety for the 
chemift and his afliftants : and in every point of view the au- 
thor is entitled to the beft acknowledgments of chemifts, who 
were too often fo much affected with thefe unwholefome exhala- 
tions, that their health was either totally deftroyed, or they fell 
abfolute victims to their zeal for the promotion of fcience. 

It is neceflary that a laboratory mould be provided with bal- 
ances of the utmoft accuracy ; for the chemift, who very fre- 
quently operates only upon fmall quantities, ought to be able by 
the ftrictnefs of his operations, and the accuracy of his appara- 
tus, to produce refults comparable with thofe of works in the 
large way. It frequently happens that the fimple eflay of a Speci- 
men of an ore determines the opening of a mine : and it Scarce- 
ly need be pointed out, of how great confequence it is to remove 
every caufe of errour from the operations of chemiftry •, fince 
the flighteft errour in the works of the laboratory may be attend-, 
ed with the moft. unhappy confequences, when the application 
of the principles is made to works in the large way. 

We Shall treat of other veffels and of the chemical apparatus, 
in proportion as we Shall have occafion to make ufe of them ; 
for it appears to us that, by thus connecting the defcription with 
their ufe, we Shall fuccced better in rendering them intelligible 
to the reader, at the fame time that his memory will be lefs fa- 
tigued. 
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SECTION I. 

Concerning the General Law which tends to bring the Particles of Bo- 
dies together, and to maintain them in a State of Mixture or Com- 
bination. 

JL HE Supreme Being has given a force of mutual at- 
traction to the particles of matter ; a principle which is alone 
fufficient to produce that arrangement which the bodies of this 
univerfe prefent to our obfervation. As a very natural confe- 
quence of this primordial law, it follows that the elements of 
bodies mud have been urged towards each other ; that maffes 
muft have been formed by their re-union ; and that folid and com- 
pact bodies muft have infenfibly been conftituted j towards 
which, as towards a centre, the lefs heavy and lefs compact bod- 
ies muft gravitate. 

This law of attraction, which the chemifts call Affinity, 1 
continually to bring principles together which are disunited, 
and retains with more or lefs energy thofe which are already in 
combination ; fo that it is impoffible to produce any change in 
nature, without interrupting or modifying this attractive power. 

It is natural, therefore, and even indifpenfable, that we fhould 
fpeak of the law of the affinities before we proceed to treat of the 
methods of analyfis. 

Affinity is exercifed either between principles of the fame na- 
ture, or between principles of a different nature. 

We may, therefore, diftinguifh two kinds of affinity, with re- 
fpect to the nature of bodies. 1. The affinity of aggregation, 
or that which' exifts between two principles of the fame nature. 
2. The affinity of compofition, or that which retains two or 
more principles of different natures in a ftate of combination, 



OF THE AFFINITY OF AGGREGATION. 

Two drops of water which unite together into one, form an 
aggregate, of which each drop is known by the name of an inte- 
grant part. 

An aggregate differs from a heap ; becaufe the integrant parts 
of this laft have no perceptible adhefion to each other ; as, for 
(sample, a heap of barley, of fand, &c. 
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An aggregate and aheap differ from a mixture ; becaufe the 
conftituent parts of this laft are of a different nature ; as, for 
example, in gun-powder. 

The affinity of aggregation is ftronger, the nearer the inte- 
grant parts approach to each other j fo that every thing which 
tends to feparate Or remove thefe integrant parts from each other, 
diminifhes their affinity, and weakens their force of cohefion. 

Heat produces this effect upon moft known bodies : hence 
jt is that melted metals have no confiltence. The calorick, or 
matter of heat, by combining with bodies, almoft always pro- 
duces an effect oppofite to the force of attraction ; and we 
might confider ourfelves as authorized to affirm that it is a prin- 
ciple of repulfion, if found chemiitryhad not proved that it pro- 
duces this effect, only by its endeavour to combine with bodies, 
and thereby neceffarily di minim their force of aggregation, as all 
other chemical agents do. Befides which, the extreme levity 
of calorick produces the effect that, when it is combined with 
any given body, it continually tends to elevate it, and to over- 
come that force which retains it, and precipitates it towards the 
earth. 

The mechanical operations of pounding, of hammering, or of 
cutting, likewife diminifh the affinity of aggregation. They re- 
move the integrant parts to a diftance from each other ; and 
this new difpofition, by prefenting a lefs degree of adhefion, 
and a larger furface, facilitates the immediate aclion, and aug- 
ments the energy, of chemical agents. It is for this purpofe 
that bodies are divided when they are to be analyfed, and that 
the effect of re-agents is facilitated by the aclion of heat. 

The mechanical divifion of bodies is more difficult, the ftrong- 
er their aggregation. 

Aggregates exift under different dates ; they are folid, liquid, 
aeriform, &c. — See Fourcroy's Chemiitry. 

OF THE AFFINITY OF COMPOSITION. 

Bodies of different kinds exert a tendency or attraction upon 
each other, which is more or lefs ftrong ; and it is by virtue of 
this force that all the changes of compofition or decompofition 
obferved amongft them, are effected. 

The affinity of compofition exhibits invariable laws in all the 
phenomena it caufes. We may [face thefe laws as geneitl 
principles ; to which may be referred all the effects prefented to 
our obfervatiofi by the aclion of bodies upon each other. 

I. The affinity of compofition acts only between the c 
uent parts of bodies. 
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The general law of attraction is exerted upon the mafTes • 
and in this refpeci it differs from the law of the affinities,. 
which does not perceptibly acl: but on the elementary particles 
of bodies. Two bodies placed near each other do not unite ;- 
but, if they be divided and mixed^ a combination may arifc. 
We have examples of this when the muriate of foda, or com- 
mon fait, is triturated with lithrage ; the muriate ammoniack, 
or common fal ammoniack, with lime, Sec. And it may be af- 
ferted that the energy or the affinity of compofition is almoft al- 
ways proportioned to the degree of the divifion of bodies. 

II. The affinity of compofition is in the inverfe ratio of the 
affinity of aggregation. 

It is fo much the more difficult to decompofe a body, as its 
conftituent principles are united or retained by a greater force. 
Gafes, and efpecially vapours, continually tend to combination, 
becaufe their aggregation is weak : and nature, which is con- 
flantly renewing the productions of this univerfe, never com- 
bines folid with folid ; but, reducing every thing into the form 
of gas, by this means breaks the impediments of aggregation ; 
and thefe gafes uniting together, form folids in their turn. 

Hence, no doubt, it arifes, that the affinity of compofition is 
fo much the more ftrong as bodies approach nearer to the ele- 
mentary date v and we (hall obferve, on this fubje£t, that this 
law of nature is founded in wifdom : for if the force or affinity of 
compofition did not increafein proportion as bodies were brought 
%o this degree of fimpliciry ; if bodies did not affume a decided 
tendency to unite and combine, in proportion as they approach 
to their primitive or elementary ftate •, the mafs of elements 
would continually increafe by thefe fucceffive and uninterrupt- 
ed decompofitions; and we fliould infenfibly return again to 
that chaos or confufion of principles, which is fuppofed to 
have been the original ftate of this globe. 

The neceffity of this ftate of divifion, which is {o proper to 
increafe the force of affinity, has caufed it to be admitted as an 
inconteftible principle, that the affinity of compofition does not 
take place, unlefs one of the bodies be in a fluid flate : corpora 
mm agunt nift Jint fiu'ida. But it feeins to me that extreme di- 
vifion might be fubftituted inftead of diffolution ; for both thefe 
operations tend only to attenuate bodies, without altering their 
nature. It is by virtue of this divifion, which is equivalent to 
diffolution, that the decompofition of muriate of foda is effected 
by trituration with minium, as well as the union of cold and 
dry alkali with antimony, and the difengagement of volatile al- 
kali by the fimple mixture of fal ammoniack with lime. 
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III. When two or more bodies unite by the affinity of com- 
pofition, their temperature changes. 

This phenomenon cannot be explained but by confidering the 
fluid of heat as a conftituent principle of bodies, unequally dif- 
turbed amongft them \ fo that, when any change is produced 
in bodies, this fluid is difplaced in its turn, which necefTarily 
produces a change of temperature. We fliall return to thefe 
principles when we fpeak of heat. 

IV. The compound which refults from the combination of 
two bodies, pofTefTes properties totally different from thofe of its 
conftituent principles. 

Some chemifts have affirmed, that the properties of com- 
pounds were intermediate between thofe of their conftituent 
parts. But this term " intermediate" has no meaning in the 
prefent cafe ; for what intermediate qualities can exift between 
four and fweet, or between water and fire ? 

If we attend ever fo little to the phenomena which are ex- 
hibited to us by bodies in their compofition, we fhall perceive 
that their form, their taite, and their confidence, are changed 
in combination ; and we cannot eftablifh any rule to indicate, 
a priori, all the changes which may arife, and the nature and 
properties of the body which fliall be formed. 

V. Every individual fubftance has its peculiar affinities with 
the various fubftances prefented to it. 

If all bodies had the fame degree of affinity with each other, 
no change could take place amongft them : we fhould not be 
able to difplace any principle by prefenting one body to another. 
Nature has therefore wifely varied the affinities, and appointed 
to each body its relation with all thofe that can be prefented to it. 

It is in confequence of this difference in the affinities that all 
chemical decompofitions are effected : all the operations of na- 
ture and art are founded upon it. It is therefore of importance 
to be well acquainted with all the phenomena and circumftan- 
ces which this law of decompofition can prefent to us. 

The affinity of compofition has received different names, ac- 
cording to its effects. It is divided into fimple affinity, double 
affinity, the affinity of an intermedium, reciprocal affinity, &c. 

i. Two principles united together, and feparated by means of 
a third, afford an example of fimple affinity : it confifts in the 
difplacing of one principle by the addition of a third. Bergman 
has given it the name of Elective Attraction. 

The body which is difengaged, or difplaced, is known by the 
name of the Precipitate. An alkali precipitates metals from 
their folutions ; the fulphurick acid precipitates the muriatick, 
the uitrick, &c. 
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The precipitate is not always formed by the difengaged fub- 
ftance. Sometimes the new compound itfelf is precipitated * 
as, for example, when I pour the fulphurick or vitriolick acid 
on a folution of muriate of lime. Sometimes the difengaged 
body and the new compound are precipitated together ; as, for 
example, when the fulphate of magnefia or Epfom fait is diffolv- 
ed in water, arid precipitated by means of lime-water. 

2. It often happens that the compound of two principles 
cannot be deftroyed either by a third or a fourth body feparate- 
ly applied ; but if thefe two bodies be united, and placed in 
contact with the fame compound, a decompofition or change of 
principles will then take place. This phenomenon conftitutes 
the double affinity. An example will render this propofition more 
clear and precife. The fulphate of pot-afh or vitriolated tartar 
is not completely decompofed by the nitrick acid or by lime, 
when either of thefe principles is feparately prefented ; but, 
if the nitrick acid be combined with lime, this nitrate of lime 
■will decompofe the fulphate of pot-afh. In this laft cafe the 
affinity of the fulphurick acid with the alkali is weakened by- 
its affinity to the lime. This acid, therefore, is fubject to two 
attractions ; the one which retains it to the alkali, and the oth- 
er which attracts it towards the lime : Mr. Kirwan has named 
the firft the Quiefcent Affinity, and the other the Divellant Af- 
finity. The fame may be faid refpecting the affinities of the 
alkali ; it is retained to the fulphurick acid by a fuperiour force, 
but neverthelefs attracted by the nitrick acid. Let us fuppofe, 
now, that the fulphurick acid adheres to the alkali with a force 
as 8, and to the lime by a force expreffed by the number 6 ; 
that the nitrick acid adheres to the lime by a force as 4, and 
tends to unite with the alkali by a force as 7. It may then be 
perceived that the nitrick acid and the lime, feparately applied 
to the fulphate of pot-afh, would not produce any change : but 
if they be prefented in a ftate of combination, then the fulphu- 
rick acid is attracted on the one hand by 6, and retained by 8 ; 
it has therefore an effective attraction to the alkali as 2. On 
the other hand, the nitrick acid is attracted by a force as 7, and 
retained by a force as 4 ; it therefore retains a tendency to unite 
with the alkali, which is denoted by the number 3.; and confe- 
quently it ought to difplace the fulphurick acid, which is retain. 
ed only by a force as 2. 

3. There are cafes in which two bodies, having no percepti- 
ble affinity to each other, obtain a difpofition to unite by the in- 
tervention of a third ; and this is called the affinity of an inter, 
medium. An alkali is the intermedium of union between oil 
and w;:ter ; hence the theory of lixiviums, of warnings, &c.Scc. 
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If the affinities of bodies were well known, we might foretel 
the refults of all operations : but it is obvious how difficult it 
mull be to acquire this extenfive knowledge of nature ; more 
efpecially fince modern difcoveries have exhibited to us an infin- 
ity of modifications in our proceffes, and have (hewn that re- 
fults may vary with fuch facility, that even the abfence or pref- 
ence of light will render them very different. 

As long as chemiftry was confined to the knowledge of a few 
fubftances, and was bufied only in attending to a certain num- 
ber of facls, it was poilible to draw up tables of affinity, and to 
exhibit the remit of our knowledge in one and the fame table. 
But all the principles upon which thefe tables have been con- 
ftrucled, have received modifications ; the number of principles 
has increafed ; and we find ourfelves under the neceffity of la- 
bouring upon new ground. A fketch of this great work may 
be feen in the EfTay on Affinities of the celebrated Bergman, and 
in article Affinity in the Encyclopedic Methodique. 

VI. The particles which are brought together and united by 
affinity, whether they be of the fame nature or of different na- 
tures, continually tend to form bodies of a polyhedral, conftant, 
and determinate form. 

This beautiful law of nature^by which fhe imprefTes on all her 
productions a conftant and regular form, appears to have been 
unknown to the ancients : and when chemiits began to difcov- 
er that almoft all bodies of the mineral kingdom affected regular 
forms, they at firft diftinguifhed them according to the inaccu- 
rate refemblance fuppofed to exift between them and other 
known bodies. Hence the denomination of cryftals in pyra- 
mids, needles, points of diamonds, crofTes, fword blades, &c. 

We are more particularly indebted to the celebrated Linnaeus 
for the firft precife ideas of thefe geometrical figures. He took 
notice of the conftancy and uniformity of this character ; and 
this celebrated naturalift thought himfelf authorized to make it 
the bafis of his method of claffification of the mineral kingdom. 

Mr. Rome de Lifle has proceeded flill farther : he has fubject- 
ed all the forms to a ftric~t. examination : he has, as it were, de- 
compofed them ; and is of opinion that he can diftinguifh in 
the cryftals of all analogous or identical fubftances, the fimple 
modifications and fhades of a primitive form. By this means 
he has reduced all the confufed and irregular forms to certain 
primitive figures ; and has attributed to nature a plan or primi- 
tive defign, which fhe varies and modifies in a thoufand manners, 
according to circumftances that influence her proceedings. 
This truly great and philofophical work has rendered this part 
of mineralogy in the highefl degree interefting ; and if we 
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fhould admit that Mr. De Lifle has perhaps carried thefe refem- 
blances too far, we cannot but allow that he deferves a difliii- 
guifhed place amongft thofe authors who have contributed to 
the progrefs of fcience. The Cryftallographie of this celebrated 
naturalift may be perufed with advantage. 

The abbe Hauy has fince applied calculation to obfervation. 
He has undertaken to prove that each cryftal has a nucleus or 
primitive form ; and has fhewn the laws of diminution to 
which the component laminae of the cryftals are fubjecl in their 
tranfition from the primitive to the fecondary forms. The de- 
velopement of thefe fine principles, and their application to 
cryftals the beft known, may be feen iu his theory of the ftrucl- 
ure of cryftals, and in feveral of his memoirs printed in the vol- 
umes of the Academy of Sciences. 

The united labours of thefe celebrated naturalifts have carri- 
ied chryftallographyto a degree of perfection of which it did 
not appear fufceptible. But we (hall, at this moment, attend 
only to the principles according to which cryftallization, is 
effecled. 

To difpofe a fubftance to cryftallization, it is neceffary in the 
firft place to reduce it to the mod complete date of divifion. 

This divifion may be effecled by folution, or by an operation 
purely mechanical. 

Solution may be effecled either by the means of water or of 
fire. The folution of falts is in general performed in the firft 
liquid, that of metals is effecled by means of the fecond ; and 
their folution is not complete until a degree of heat is applied 
of fufficient intenfity to convert them into the ftate of gas. 

When the water which holds any fait in folution is evaporat- 
ed, the principles of the diffolved body are infenfibly brought 
nearer to each other, and it is obtained in regular form. The 
fame circumftance nearly takes place in the folution by fire. 
When a metal is impregnated with this fluid, it does not cryf- 
allize but in proportion as this excefs of igneous fluid is with- 
drawn. 

In order that the form of a cryftal may be regular, three cir- 
cumftances are required ; time, a fuilicient fpace, and repofe. 
Confult Linnreus, Daubenton, &c. 

A. Time caufes the fuperabundant fluid to be (lowly diflipat- 
ed, and brings the integral parts nearer each other by infenfible 
gradation, and without any fudden (hock. Thefe integrant 
parts therefore unite according to their conftant laws, and form 
a regular cryftal. For this reafon it is, that flow evaporation is 
recommended by all good chemifts. Vide Stahl's Treatifc on 
falts, chap. 29. 
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In proportion as the evaporation of the folvent is effected, the 
principles of the diffolved body approach each other, and their 
affinity is contiually augmented while that of the folvent remains 
unaltered. Hence it arifes, no doubt, that the laft portions of 
the folvent are moft difficultly volatilized, and that falts retain a 
greater or lefs quantity, which forms their water of cryftalliza- 
tion. The proportion of water of cryftallization not only varies 
greatly in the different falts, but it adheres with greater or lefs 
itrength. There are fome which fuffer this water to fly off 
when they are expofed to the air ; fuch as foda or the mineral 
alkali, the fulphate of foda or Glauber's fait, &c In this fix- 
ation thefe falts lofe their tranfparency, and fall into powder : 
they are then faid to have efflorefced. There are other falts 
which obftinately retain their water of cryftallization -, fuch as 
the muriate of pot-afh, the nitrate of pot-afh or common 
nitre, &c. 

The phenomena prefented to us by the different falts, when 
forcibly deprived of their water of cryftallization, exhibit other 
varieties. Some crackle with the heat, and are thrown about in 
fmall pieces when the water is diffipated : this appearance is 
called decrepitation. Others emit the fame water in the form 
of fleam, and are liquefied with a diminution of their bulk. 
Othersagain fwell up, and become converted into a bliftered or 
porous fubftance. 

We are indebted to Mr. Kirwan for an accurate table of the 
water of cryftallization contained in each fait. This table may 
be (cen by confuting his Mineralogy. 

The fimple cooling of the fluid which holds the fait in folu- 
tion may precipitate a confiderablc quantity. The calorick and 
the water diffolve a greater quantity of fait when their aclion is 
united' ; and it may eafily be imagined that the fubtraclicn of 
one of the folvents muft occafion the precipitation of that por- 
tion which it held in folution. Thus it is that warm water 
faturated with fait, muft fuffer a part to precipitate by cooling ; 
and for this reafon cryftallization always begins at the furfaceof 
the liquid, and on the fides of the containing veffel ; namely, bc- 
caufe thefe parts are the firft which fuffer refrigeration. 

It is the alteration of heat and cold which caufes the atmof- 
phere to diffolve fometimes a greater, and fometimes a lefs quan- 
tity of v/ater ; and conftitutes milts, the evening dew, Sec. 

The mutual approach of the conftituent parts of a body held 
in folution may be Iikewife accelerated by prefenting to the wa- 
ter which fufpends them, another body which has a ftronger af- 
finity to it. It is upon this principle that alcohol precipitates fev- 
eral falts. 
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B. Space or fufficient room is likcwife a condition neceflary 
for obtaining regular cryltallization. If nature be reftrained in 
her operations, the product of her labour will exhibit fymptoms 
of this ftate of conftraint. It may be afferted that nature forms 
her productions according to all the circumftances which may 
influence her operations. 

C. A ftate of repofe in the fluid is likewife neceflary to obtain 
very regular forms. Uninterrupted agitation oppofes all fym- 
metrical arrangement ; and in this cafe the cryftallization obtain- 
ed will be confufed and indeterminate. 

I am perfuaded that, in order to obtain bodies under the form 
of cryftals, a previous folution is not neceflary, but that a fimplc 
mechanical divifion would be fufficient. To obtain a conviction 
of this truth, it is only neceflary to obferve that folution does 
not change the nature of bodies, but Amply procures an extreme 
Hate of divifion ; fo that the difunited principles approaching 
each other very gradually, and without (tarts, can adapt them- 
felves to each other, by following the invariable laws of their 
gravity and affinity. Mow a divifion purely mechanical produces 
the fame effect, and places the principles in the fame difpofi- 
tion. We ought not therefore to be iurprized if moft falts, 
fuch as gypfum, when difperfed in the earth, fhould aflume reg- 
ular forms without any previous folution ; neither ought we 
to think it ftrange if the imperceptible fragments of quartz, 
of fpar,&c.when carried along and prodigioufly divided by the ac- 
tion of waters, fhould be depofited in the form of regular cryftals. 

A very Angular property may be obferved in falts ; which 
may be referred to cryftallization, but is likewife in fome meafure 
remote from it, becaufe it does not depend upon the fame 
caufes. This is the property of riling along the fides of the vef- 
fels which contain the folution. It is known by the name of 
Saline Vegetation. 

I have firft demonftrated that this phenomena depends on the 
concurrence of air and light ; and that the effect may be deter- 
mined at pleafure towards any part of the veflel, by managing 
and directing the action of thefe two agents. 

I have fliewn the principal forms which this lingular vegeta- 
tion affects. The detail of my experiments may be feen in the 
third volume of the Memoirs of the Academy of Touloufe. 

Mr. Dorthes has confirmed my remits ; and has moreover 
obferved that camphor, fpirits of wine, water, &c. which rife by 
jnfenfiblc evaporation in half-filled veflels, conftantly attach 
themfelves to the molt enlightened parts of the veflels. 

Meflrs. Petit and Rouelle have treated on the vegetation of 
falts ; but a ieries of experiments on the fubject was wanting. 
rjdeavoured to fupply. 
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SECTION II. 

Concerning the various Means employed by Chemifts to overcome the 
Adheiion which exifts between the Particles of Bodies. 

A HE law of affinities, towards which our attention has 
been directed, tends continually to bring the particles of body 
into contact, and to maintain them in their ftate of union. The 
efforts of the chemift are almoft all directed to overcome this 
attractive power, and the means he employs are reducible to — . 
I. The divifion of bodies by mechanical operations. 2. The 
divifion or feparation of the particles from each other by the af- 
fiftance of folvents. 3. The means of prefenting to the feveral 
principles of the fame bodies, fubftances which have a ftronger 
affinity to them than thofe principles have to each other. 

I. The different operations performed upon bodies by the 
chemift, to determine their nature, alter their form, their tex- 
ture, and even in fome instances change their conftitutiqn. All 
thefe changes are either mechanical or chemical. 

The mechanical operations we {hall at prefent defcribe, do 
not change the nature of fubftances, but in general change only 
their form and bulk. Thefe operations are performed by the 
hammer, the knife, the peftle, &c. Whence it follows, that 
the chemical laboratory ought to be provided with all thefe in- 
ftruments. 

Thefe divifions or triturations are performed in mortars of 
ftone, of glafs, or of metal. It is the nature of the fubftance un- 
der examination which determines the ufe of one or the other 
of thefe veflels. 

The object of this preliminary operation is, to prepare and 
difpofe bodies for new operations which may difunite their prin- 
ciples and change their nature ; thefe laft-mentioned operations, 
which may be diftinguifhed by the appellation Chemical, are 
what molt effentially conftitute the analyfis. 

II. The folution to which we are at prefent to attend, confifts 
in the divifion and difappearance of a folid in a liquid, but with- 
out any alteration in the nature of the body fo diflblved. 

The liquid in which the folid difappears, is called the folvent 
or menftruum. 

The agent of folution appears to follow certain conftant laws* 
which wc lhall here point out. 
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A. The agent of folution does not appear to differ from that 
of affinity ; and in all cafes the folution is more or lefs abundant, 
the greater the affinity of the integrant parts of the folvent is to 
thofe of the body to be diflblved. 

From this principle it follows, that, to facilitate folution, it is 
neceffary that bodies mould be triturated and divided. By this 
means a greater number of furfaces are prefented, and the affini- 
ty of the integrant parts is diminifhed. 

It fometimes happens that the affinity between the folvent 
and the body prefented to it has fo little energy, that it does 
not become perceptible till after a confiderable interval of time. 
Thefe flow operations of which we have fome examples in our 
laboratories, are common in the works of nature ; and it is 
probably to fimilar caufes that we ought to refer mod of thofe 
remits whofe caufes or agents efcape our perception or observa- 
tion. 

B. Solution is more fpeedy in proportion as the body to be 
diflblved prefents a greater furface : on this principle is founded 
the practice of pounding, triturating, and dividing bodies intends 
ed to be diflblved. Bergman has even obferved, that bodies 
which are not attacked in confiderable mafies, become foluble 
after minute divifion. Letters on Iceland, p. 421.* 

C. The folution of a body conftantly produces cold. Ad- 
vantage has ever been taken of this phenomenon to procure arti- 
ficial cold, much fuperiour to the moft rigorous temperature ever 
obferved in our climates. We (hall again advert to this princi- 
ple when we come to treat of the laws of heat. 

The principal folvents employed in our operations are water, 
alcohol, and fire. Bodies fubmitted to one or the other of thefe 
folvents prefent fimilar phenomena ; they are divided, rarefied, 
and at laft difappear ; the moft refractory metal melts, is dif- 
fipated in vapour, and panes to the date of gas, if a very ftrong 
heat be applied to it. This laft ftate forms a complete folution 
of the metallick fubftance in the calorick. 

The effect of calorick is often-united with one of the other 
folvents, to accomplifh a more fpeedy and abundant folution. 

The three folvents here mentioned do not exercife an equal 
action on all bodies indifcriminately. Skilful chemifls have ex- 
hibited tables of the diflblving power of thefe menftruums. We 
may fee, in the mineralogy of Kirwan, with what care that cel- 
ebrated chemift has exhibited the degree of folubility of each 
fait in water. The table of Mr. De Morveau may likewife be 

* Von Trail's Letters, quoted by Mr. Bergman. T. 
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confulted on the diflblving power of alcohol. Journal de Phjf- 
fique, 1785. 

Moft authors who have treated of folution have confidered it 
in too mechanical a point of view. Some have fuppofed (heaths 
in the folvent, and points in the body diffolved. This abfurd 
and gratuitous fuppofition has appeared fufficient to account for 
the action of acids upon bodies. Newton and Gaffendi have 
admitted pores in water, in which falts might infinuate them- 
felves ; and have by this means explained why water does not 
augment in its bulk in proportion to the quantity of fait it takes 
up. Geffendi has even fuppofed pores of different forms ; and 
has endeavoured to (hew by this means how water faturated 
with one fait may diffolve others of another kind. Dr. Watfon, 
who has obferved the phenomena of folution with the greateft 
care, has concluded from his numerous experiments ; 1. That 
the water rifes in the veffel at the moment of the immerfion of 
the fait. 2. That it falls during the folution. 3. That it rifes 
after the folution above the original level. The two laft effects 
feem to me to arife from the change of temperature which the 
liquor undergoes. The refrigeration arifing from the lolution 
muft diminifh the volume of the folvent ; but it ought to return 
to its firft (tate as foon as the diffolution is finifhed. The tables 
of Dr. Watfon refpecting thefe phenomena, and the fpecifick 
gravity of water faturated with different falts, may be confulted 
in the Journal de PhyGque, vol. xiii. p. 62* 

III. As the peculiar affinities of bodies to each other are vari- 
ous, the conftituent principles may be eafily difengaged by other 
fubftances ; and it is upon this confederation that the act ion of 
all the re-agents employed by chemiftry in its analyfis is found- 
ed. Sometimes the chemift difplaces certain principles, which 
he can in that ftate examine more accurately, becaufe infulated, 
and difengaged from all their combinations. It frequently hap- 
pens that the re-agent made ufe of combines with fome princi- 
ple of the body analyfed ; and a compound arifes, whole char- 
acters indicate to us the nature of the principle which has thus 
entered into combination, becaufe the combinations of the prin- 
cipal re-agents, with various bafes are well known. It likewife 
frequently happens that the re-agent made ufe of is itfelf decom- 
pofed, which circumftance renders the phenomena and the 
products more complicated ; but we are enabled from the na- 
ture of thefe products to form a judgment of the component 
parts of the body analyfed. This laft fact was little attended to 
by the ancient chemifts ; and this is one of the principal defects 

* Or in the fifth vol. of his Chemical Eflavs. T. 
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of the labours of Stahl, who has referred moft of thofe phenom- 
ena to the bodies which he fubmitted to analyfis, which in re- 
ality arofeonly from the decompofition of the re-agents employ- 
ed in his operations. 



SECTION III. 

Concerning the Method of Proceeding which the Chemift ought to fol- 
low in the Study of the various Bodies prefented to us by Nature. 

X HE progrefs made in any fcience depends upon the 
folidity of thofe principles which form its bafis and upon the 
method of ftudying them. It is not, therefore, to be wondered 
at, that chemiftry made but little progrefs, in thofe times, when, 
the language of chemifts was enigmatical, and when the princi- 
ples of the fcience were founded only on analogies falfely de- 
duced, or on a few facts illy under flood. In the times which 
have followed this epocha, the facts have indeed been more at- 
tended to ; but, inftead of fuffering them to fpeak for themfelves 
chemifts have been defirous of making applications, drawing 
confequences, and eftablifhing theories. Thus it was that Stahl, 
when he firft obferved that oil of vitriol and charcoal produced 
fulphur, if he had then confined himfelf to the fimple relation of 
the fact, he would have announced a valuable and eternal truth ; 
but when he concluded that the fulphur was produced by the 
combination of the inflammable principle of the charcoal with 
the oil of vitriol, he afferted that which the experiment does not 
point out : then it was that he proceeded further than the facts 
warranted ; and this firft rafh ftep might be a firffc ftep towards 
errour. All doctrine, in order to be lafting, ought to confift of 
the pure and fimple expreffion of facts : but we are almoft al- 
ways governed by our imaginations ; we adapt the facts to our 
manner of feeing them, and thus we are milled by ourfelves. 
The prejudice of felf-love afterwards furnifhes us with various 
means to avoid recantation ; we exert ourfelves to draw our 
fucceflbrs into the fame paths of errour ; and it is not till after 
much time has been loft, after many vain conjectures have been 
exhibited, and after we have the ftrongeft convictions that it is 
impoflible to bend the nature of things to our caprices and un- 
I 
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founded ideas, that fome fuperiour mind difengages itfelf from 
the delufion ; and returning to experiment, and the nature of 
things, fufters himfelf to be led no further than he is authorized 
by thefe to proceed. 

We may affirm, to the honour of our contemporaries, that 
fuels are at prefent difcufTed by a much feverer logick ; and it 
is to this vigorous method of inveftigation and difcuffion that we 
are indebted for the rapid progrefs of chemiflry. It is in con- 
fequence of this dialeclick march that we have at length arrived 
to the practice of attending to all the principles which are com- 
bined or difengaged in the operations of nature and art. We 
keep an account of all the circumftances which have a more or 
lefs confiderable influence on the refults, and we deduce fimple 
and natural confequences from the whole of the facts ; by which 
means we create a fcience as ftrict in its principles as fublime 
in its applications. 

This then is the moment to draw out a faithful fketch of the 
actual Mate of chemiflry, and to collect, in the numerous writ- 
ings of modern chemifls every thing which may ferve to lay the 
foundation of this beautiful fcience. 

Not many years ago, it was poffible to prefent, in a few 
words, the whole of our knowledge of chemiflry. It was fuf- 
ficient at that time, to point out the methods of performing 
pharmaceutical operations j the proceffes of the arts were almoft 
all enveloped in darknefs, the phenomena of nature were all 
enigmatical ; and it is only (ince this veil has begun to be re- 
moved that we have beheld the developement of a collection of 
facts and refearches referable to general principles, and forming 
a fcience entirely new. Then it was that a number of men of 
genius reviewed the whole, and attended to the improvement 
of chemical knowledge. Every flep in their progrefs brought 
them nearer to the truth ; and in a few years we have beheld 
a perfpicuous doctrine arife out of the ancient chaos. Every 
event l^as appeared conformable to the laws they eflablifhed ; 
and the phenomena of art and nature are now explained with 
equal facility. 

But in order to advance with fpeed in the career which has 
been thus opened, it is neceflary to explain certain principles, 
according to which we may direct our fleps. 

in the firfl place, I think it proper to avoid that tedious cuf- 
tom which fubjecls the beginner in any fcience to the painful 
talk of collecting all the opinions of various philofophers before 
he decides for himfelf. In reality, facts belong to all times, and 
are as unchangeable as nature herfelf, whofe language they are. 
But the confequences deduced from them muft vary according 
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tto the ftate of our acquired knowledge. It is eternally true for 
example, that the combuftion of fulphur affords the iulphurick 
acid. It was believed, for a certain time, that this acid was 
contained in the fulphur ; but our difcoveries on the combuf- 
tion of bodies ought to have led us to the deduction of a very 
different theory from that which prefented itfelf to the earlieit 
chemiils. We ought, therefore, to attach ourfelves principally 
*to facts ; or rather we ought to attach ourfelves to the facts only, 
becaufethe explanation which is given of them at remote times 
is very feldom fuited to the prefent ftate of our knowledge. 

The numerous fa£ts with which chemiftry has been fuccef- 
fively enriched, form the firft embarraffment of the ftudent who 
is defirous of acquiring the elements of this fcicnce. In fact, 
what are the elements of a fcience ? The clear, fimple, and ac- 
curate enunciation of thofe truths which form its bafis. It is 
neceffary, therefore, for the full accomplifhment of this purpofe, 
to analyfe all the facts, and to exhibit a faithful and clear abridg- 
ment : but this method is impracticable on account of the nu>- 
merous details, and the infinite number of difcuffions, into 
which it would lead us. The only proceeding, therefore, which 
appears to me to be practicable, is to exhibit the molt decifive 
experiments, thofe which are the lealt contefted, and to neglect 
thofe which are doubtful or inconclufive : for one experiment, 
well made, eftablifhes a truth as inconteftibly as a thoufand 
equally averred. 

When a propofition is found to be fupported by fufpicious or 
contefted facts, when oppofite theories are built upon contra- 
dictory experiments, we muff have the courage to difcufs them, 
to repeat them, and to acquire a certainty of the truth by our 
own endeavours. But when this method of conviction is out 
of our power, we ought to weigh the degree of confidence 
which the defenders of the oppofite facts are entitled to ; to 
examine whether analagous facts do not lead us to adopt certain 
refults ; after which it becomes us to give our opinion with that 
modefty and circumfpection, fuitable to the greater or lefs de- 
gree of probability annexed to each opinion. 

But when any doctrine appears to us to be eftablifhed on ex- 
periments of fufficient validity, it then remains to be applied to 
the phenomena of nature and art. This, in my opinion, is the 
molt certain touchftone to diftinguifli true principles from thofe 
which are without foundation. And when I obferve that all the 
phenomena of nature unite, and conform themfelves, as it were, 
to any theory, I conclude that this theory is the expreffion and 
the language of truth. When, for example, I behold that a 
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plant can be fupported by pure water alone, that metals are ca)- 
cinable, that acids are formed in the bowels of the earth, have 
I not a right to conclude that the water is decompofed ? and do 
not the chemical facts which in our laboratories afford a teftimo- 
ny of its decompofition — do not thefe acquire a new force by 
the obfervation of the preceding phenomena ? I conclude, there- 
fore, that we ought to make a point of uniting thefe two kinds 
of proofs : and a principle deduced from experiment is not, in 
my opinion, demonftrable, until I fee that it may with facility be 
applied to the phenomena of art and nature. Hence, if I find 
anyfelf in a date of hefitation between oppofite fyftems, I will 
decide in favour of that whofe principles and experiments adapt 
themfelves naturally, and without force to the greateft. number 
of phenomena. I will always diftruft. a fingle fact, which is 
applicable to no conclufion ; and I will confider it as falfe, if it 
be in oppofition to the phenomena which nature prefents to us. 

It appears to me Tikewife that he who profetfes to ftudy, or 
even to teach chemiftry, ought nor to endeavour to arrive at or 
exhibit the whole which has been done in each department, or 
to follow the tedious progvefs of the human mind from the ori- 
gin of a difcovery to the prefent time. This faftidious erudi- 
tion is fatiguing to the learner j and thefe digreflions ought in 
no cafe to be admitted in the enunciation of fcience, excepting 
when the hiftorical details afford interefting facts; or lead us 
by uninterrupted degrees to the prefent Hate of our knowledge. 
It rarely happens, however, that this kind of refearches, this gen- 
ealogy of fcience, affords us fuch characters ; and it ought no 
more to be admitted, in general, that an elementary writer 
fhould bring together and difcufs every thing which has been 
done in a fcience, than that he who undertakes to direct a trav- 
eller fhould previoufly enter into a long differtation on all the 
roads which have been fucceffively made, and on thofe which 
ftill exift, before he fhould point out the beft and fhorteft way 
to arrive at the end of his journey. It may, perhaps, be faid 
of the hiftory of fcience, and more efpecially that of chemiftry, 
that it refembles the hiftories of nations. It feldom affords any 
light refpec^ing the prefent fituation of affairs ; exhibits many 
fables concerning pall times ; induces a neceffity of entering 
into difcuffions upon the circumftances that pafs in review ; and 
fuppofes a mafs of extraneous knowledge acquired on the part 
of the reader, which is independent of the purpofe aimed at in 
the ftudy of the elements of chemiftry. 

When thefe general principles, refpecting the ftudy of chem- 
iftry) are once well eftablifhed, we may afterwards proceed in the 
chemical examination of bodies in two ways : we may eithc: 
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proceed from the fimple to the compound, or we may defcend 
from the compound to the fimple. Both thefe methods have 
their inconvencies ; but the greateft, no doubt, which is found 
in following the firft method is, that, by beginning with the fim- 

}>left bodies, we prefent fubflances to the confideration of the 
earner which nature very feldom exhibits in fuch a ftate of na- 
kednefs and fimplicity ; and we are forced to conceal the feries 
of operations which have been employed to dived thefe fubftan- 
ces from their combinations, and reduce them to the elementary 
ftate. On the other hand, if we prefent bodies to the view of 
the learner fuch as they are, it is difficult to fucceed in an accu- 
rate knowledge of them ; becaufe their mutual action, and in 
general moft of their phenomena, cannot be underftood without 
the previous and accurate knowledge of their conftituent prin- 
ples, fince it is upon thefe alone that they depend. 

After having maturely confidered the advantages and incon- 
veniences of each method, we give the preference to the firft. 
We (hall therefore begin by giving an account of the fcveral bod- 
ies in their moll elementary itate, or reduce to that term beyond 
which analyfis can effect nothing j and, when we {hall have 
explained their various properties, we will combine thefe bodies 
with each other, which will afford aclafsof fimple compounds : 
and hence we fhali rife by degrees to the knowledge of bodies, 
and the moft complicated phenomena. We fhali be careful, in 
any examination of the feveral bodies to which we fhali d reel: 
our refearches, to proceed from known to unknown ; and our 
firft attention (hall be directed to the elementary, fubftances. 
But as it is impoflible, at one and the fame time, to treat of 
all thofe fubftances, which the prefent ftate of our knowledge 
obliges us to confider as elementary, we (ball confine ourfelves 
to the exhibition of fuch as are of the greateft importance in the 
phenomena of the globe we inhabit, fuch as are almoft univer- 
sally fpread over its furface, and fuch as enter as principles 
into the compofition of the re-agents moft frequently employed 
in our operations ; fuch, in a word, as we continually find in 
the examination and analyfis of the component parts of the globe. 
Light, heat, fulphur, and carbone are of this number. Light 
modifies all our operations, and moft powerfully contributes to 
the production of all the phenomena which appertain to bodies 
either living or inanimate. Heat, diftributcd after an unequal 
proportion among all the bodies of this univerfe, eftablifhes their 
various degrees of confidence and fixity ; and is one of the 
great means which art and nature employ to divide and vola- 
tilize bodies, to weaken their force or adhefion, and by that 
means prepare them for analyfis. Sulphur exifls in the proditfls 
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of the three kingdoms ; it forms the radical of one of the bed 
known, and molt generally employed, acids ; it exhibits inter- 
efting combinations with moft fimple fubftances ; and under 
thefe feveral points of view, it is one of the fubftances the mod 
neccflary to be known in the firft fteps of chemical fcience. 
The fame may be faid of carbone ; it is the moft abundant fixed 
product, found in vegetables and animals. Analyfis has discov- 
ered it in fome mineral fubftances. Its combination with oxi- 
gene is fo common in bodies, and in the operations of art and 
nature, that there arc fcarcely any phenomena which do not pre- 
fent it to our view, and which confequently require the knowl- 
edge of its properties. From all thefe reafons it appears to us, 
that for the advancement of chemiftry it is neceflary our firft 
proceeding fhould be founded on the knowledge of thefe fub- 
ftances ; and that we fhould not direct our attention to other 
fimple or elementary fubftances, accordingly as they prefent 
themfclves. 
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Concerning Simple or Elementary Subftances. 



I 



F wc caft an eye over the fyftems which have been 
fucceffively formed by philofophers relative to the number' and 
nature of the elements, we fhall be aftonifhed at the prodigious 
variety which prevails in their manner of thinking. In the 
earlieft times, every one feems to have taken his own imagina- 
tion for his guide ; and we find no reafonable fyftem until the 
time when Ariitotle and Empedocles acknowledged as elements, 
Air, Water, Earth, and Fire. Their opinion has been well re- 
ceived for many ages ; and it must be oonfefled that it is calcu- 
lated to feduce the mind. There are, in fact, enormous mafT- 
es, and inexhauftible ftores, that prefent themfelves to our view 
of thefe four principles, to which the deftrudtion or decompo- 
fition of bodies appeared to refer all the feveral component parts 
which formation or creation had taken from them. The author- 
ity of all thofe great men who had adopted this fyftem, and the 
analyfis of bodies which prefented only thefe four principles, 
afforded fufficient grounds for admitting this doctrine. 
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But as foon as chemiftry had advanced fo far as to difcover 
the principles of bodies, the profeffors of that fcience prefumed 
to mark the number, nature, and character of the elements' j 
and every fubftance that was unalterable by the chemical meth- 
ods of decompofition, was confidered by them as a fimple or 
elementary principle. By thus taking the limits of analyfis as 
the term for indicating the elements, the number and the nature 
of thefe muft vary according to the revolutions and the progrefs 
of chemiftry. This has accordingly happened, as may be feen 
by confulting all the authors who have written on this fubject, 
from the time of Paracelfus to the prefent day. But it muft be 
confeffed that it is no fmall degree of rafhnefs, to affume the 
extent of the power of the artift as a limit for that of the Creator, 
and to imagine that the ftate of our acquifitions is a ftate of per- 
fect knowledge. 

The denomination of Elements ought therefore to be effaced 
from a chemical nomenclature, or at lead it ought not to be u- 
fed but as an exprefhon denoting the laft term of our analytical 
refults j and it is always in this fenfe that we (hall ufe the 
word. 

CHAPTER I, 

Concerning Fire. 

THE principal agent employed by nature to balance the pow- 
er and natural effect, of attraction, is fire. By the natural effect 
of attraction we fhould poflefs none but folid and compact bod- 
ies •, but the calorick unequally difperfed in bodies tends incef- 
fantly to deftroy this adhefion of the particles ; and it is to this 
principle that we are indebted for the varieties of confidence un- 
der which bodies prefent themfelves to our obfervation. The 
various fubftances that compofe this univerfe are therefore fub- 
jected, on the one hand, to a general law which tends to bring 
them together ; and, on the other hand, to a powerful agent: 
which tends to remove them from each other : it is upon the 
respective energy of thefe two forces that the confiftence of all 
bodies depends. When the affinity prevails, they are in the 
folid. ftate ; when the calorick is moll powerful, they are in the 
ftate of gas •, and the liquid ftate appears to be the point, of the 
equilibrium between thefe two powers. 

it is therefore effentially neceffury to treat of fire, fince it acls 
fp leading a part in this univerfe ; and becaufe it is impoflible 
to treat of any fubftance whatever, without attending to the in- 
fluence c nt. 



7 a Fire. Heat. Light, 

There are two things to be confidered in fire — heat and light. 

Thefe two principles, which have been very often confound- 
ed, appear to be very diflinct in their own nature ; becaufe they 
are fcarcely ever proportional to each other, and becaufe each 
can exift without the other. 

The mod ufual acceptation of the word Fire comprehends 
heat and lighc \ and its principal phenomena muft have been 
known for a long time. The difcovery of fire muft have been 
nearly as ancient as the human fpecies upon this globe. The 
fhock of two flints, the action of meteors, or the effect of volca- 
noes, muft have afforded the earlieft idea of it ; and it is very 
aftonifhing that the inhabitants of the Marian Iflands were not 
acquainted with its effects before the invafion of the Spaniards. 
Thefe iilanders, who became acquainted with this terrible ele- 
ment only in confequence of its ravages, confidered it at firft as a 
malevolent being which attached itfelf to all beings, and devour- 
ed them. — See the Abbe Raynal's Hiftoire Philofophique, &c. 

The effects of fire are perhaps the moft aftonifhing of any 
which nature exhibits ; and we ought not to be furprized that 
the ancients confidered it as an intermediate being between 
fpirit and matter, and have built the beautiful fable of Prome- 
theus upon its origin. We have had the happinefs, in our 
time, to acquire well-founded and extenfive ideas reflecting 
this agent, which we fhall proceed to develope in the two fol- 
lowing articles. 

ARTICLE I. 

Concerning Calorick and Heat. 

» 

When a metal or a liquid is heated, thefe bodies are dilated 
in every direction, are reduced to vapour, and at laft become 
invifible when the moft powerful heat is applied to them. 

Bodies which poffefs the principle of heat, part with it more 
or lefs readily. If we attentively obferve a body during its 
cooling, a flight movement of undulation will be perceived in 
the furrounding air ; an effect which may be compared to the 
phenomenon exhibited upon the mixture of two liquors of une- 
qual denfity and weight. 

It is difficult to conceive this phenomenon without admitting 
of a peculiar fluid, which paffes firft from the body which heats 
to that which is heated, combines with the latter, produces the 
effects we have fpoken of, and afterwards efcapes to unite with 
other bodies, according to its affinities, and the law of equilib- 
rium, to which all bodies tend. 
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This fluid of heat, which we call Calorick, is contained in 
greater or lefs quantities in bodies, according to the greater or 
lefs degrees of affinity exifting between it and them. 

Various means may be employed to difplace or difengage the 
calorick. The firft is by the method of affinities : for example, 
water poured upon the fulphurick acid expels the heat, and 
takes its place j and while there is a difengagement of heat, the 
Volume of the mixture does not increafe in proportion to the 
bulk of the two fubftances mixed. This (hews that penetration 
takes place, which cannot be explained but by admitting that 
the integrant parts of the water take the place of the calorick, 
in proportion as it is diflipated. — The fecond method of precip- 
itating calorick, is by friction and compreffion. In this cafe it 
is expreffed or fqueezed out, in the fame manner as water from 
a fpunge. In reality, the whole of the heat which may be pro- 
duced by friction, is not afforded by the body itfelf f becaufe, 
in proportion as the interiour heat is developed, the external air 
acts upon the body, calcines or inflames it, and itfelf gives out 
heat during its fixation. Fermentation, and in general every 
operation which changes the nature of bodies, may difengage 
calorick, becaufe the new compound may demand and receive 
a greater or lefs quantity. Hence it is that chemical operations 
produce fometimes cold, and fometimes heat. 

Let us now examine the form under which calorick prefents 
itielf. 

This fluid is difengaged either in a ftate of liberty, or in a ftate 
pf combination. 

In the firfl cafe, the calorick always endeavours to obtain an 
equilibrium ; not that it is distributed equally among all bodies, 
but it is difperfed among them according to the degrees of its 
affinity. Whence it follows, that the circumambient bodies re- 
ceive and retain a quantity more or lefs confiderable. Metals 
are eafily penetrated by this fluid, and tranfmit it with equal 
facility ; wood and animal fubftances receive it to the degree 
of combuftion ; liquids, until they are reduced to vapour. Ice 
alone abforbs all the heat communicated to it, without giving 
it out to other bodies until it has acquired the fluid ftate*. 

The degree of heat can be appreciated only by its effects : and 
the inftruments which have been fucceffively invented to calcu- 
late it, and are known by the name of thermometers, pyrome- 
ters, &c. have been applied to the ftrict determination of the 

* The ingenious author has ln?dvertcmly been guilty of an overfight. 
Not orriy ice, but all other bodies, abforb heat, during liquefacliun, as be 
himfclf fhewi hcre.it tcr. T. 

K 
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feveral phenomena exhibited in confequence of the abforptioir 
of calorick in various bodies. 

The dilatation of fluids or of metals in the fluid date, by the 
feveral degrees of heat, has been long meafured by thermome- 
ters formed of glafs ; but this very fufible fubftance can only 
be ufed to afcertain degrees of heat inferiour to that which ren- 
ders the glafs itfelf fluid. 

Several means have been fucceflively propofed for calculating 
the higher degrees of heat. Mr. Leidenfroft has proved that 
the hotter a metal is-, the more flowly will drops of water evap- 
orate from its furface ; and he has propofed this principle for 
the conftru&ion of pyrometers. A drop of water in an iron 
fpoon, heated to the degree of boiling water, evaporates in one 
fecond ; a fimilar drop, poured on melted lead, is diflipated in 
fix or feven feconds ; and upon red hot iron in thirty. Mr. 
Ziegler, in his Specimen de digeftore Papini, has found that 89 
feconds were required to evaporate a drop of water at 5 20 degrees 
of Fahrenheit ; and that one fecond is fufficient at the 300th de- 
gree. This phenomenon, which is more interefting to chemifty 
than pyrometry, to which it will always afford refults little fuf- 
ceptibk cf vigorous caculation, appears to me to depend upon 
the adhefion and decompofition of the water upon the metal. 

The mod accurate pyrometer we are acquainted with, is that 
which was prefented to the Royal Society of London by Mr. 
Wedgwood. It is conftrucled upon the principle, that the 
pureft, clay (brinks in the fire in proportion to the heat applied 
to it. This pyrometer confifts of two parts; one called the 
£auge, which ferves to meafure the degrees of diminution or 
ihrinking ; the other contains the fimple pieces of pure clay, 
which are called thermometer pieces. 

The gauge is formed of a plate of baked earth, upon which 
are applied two rulers or ftraight pieces of the fame fubftance. 
Thefe rulers, being perfectly ltraight and even, are placed at the 
diftance of half an inch from each other at one of their ends, 
and three tenths of an inch at the other. For greater conven- 
ience the gauge is divided into two parts, and the two pieces are 
placed endways when required to be ufed. The length" of this 
rule is divided into 240 equal parts, of which each reprefents one 
tenth of an inch.* To form the thermometer pieces, the earth 
is lifted with the greateft attention, after which it is mixed with 
water, and the palte thruft through an iron tube, which gives it 
a cylindrical form, to be cut afterwards into pieces of a proper 

* This is in fact, the twelve-hundrcdthof aa iocU in th; width according t& 
the dimenfions here given. T. 
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frze. When the pieces are dry, they mud be preferred to the 
gauge, where they ought to fit at the place of o on the fcale. 
It by inadvertence of the workmen any piece penetrates to one 
or two degrees further, this degree is marked on its flat furface, 
and requires to be deducted when the piece is ufed in the ad- 
mcafurement of heat. The pieces thus adjufted are baked in a 
furnace to a red heat, to give them the confidence necefTary for 
carriage. The heat employed in this part of the procefs is ufu- 
ally about fix degrees, and the pieces are diminifhed more or 
lefs ; but this is of no confequence when they come to be fub- 
mitted to a fuperiour degree of heat ; and if it fhould happen 
that an inferiour degree of heat is required to be mcafured, un- 
baked pieces are to be ufed, which are preferved in fheaths or 
cafes to avoid friction. 

When this pyrometer is to be ufed, one of the pieces fs ex- 
pofed in the fire-place whofe heat is required to be determin- 
ed ; and when it has acquired the whole intenfity, it is taken 
out, and fufFered to cool, or for greater fpeed it is plunged in 
water ; after which it is prefented to the gauge, and its degree 
of contraction eafily determined. Mr. Wedgwood has given 
us the refult of feveral experiments made with his pyrometer, 
oppofite to which he has placed the correfpondent degrees of 
Fahrenheit. 

Red heat vifible by the light 

Brafs melts at 

Swedifh copper melts at 

Pure filver melts at 

Pure gold melts at 

The heat of bars of iron raifed to ) fmall bar 

welding 5 l ar g e bar 

The greater!: heat producible in a fmith's forge 
Call iron melts at 
The greateft heat of a wind furnace of eight £ 

inches fquare > 

Thefe various thermometers are not applicable to all cafes. 
We cannot, for example, calculate with ftrictnefs the heat 
which efcapes from living bodies, or determine with precifion 
the temperature of any fubftance. But Mefirs. De la Place 
and Lavoifier (Acad, des Sciences, 1780) have invented an ap- 
paratus which appears to leave nothing further to be defired. 
It is conftrutled upon the principle that ice abforbs all the heat 
communicated to it, without communicating it to other bodies 
until the whole is melted ; fo that from hence we may calculate 
the degrees of heat communicated, by the quantity of ice which 
is melted. It was necefTary, in order to afford ftricl: refults, to 
difcovcr the means of caufir.g the ice to abforb all the heat dif- 
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engaged from the bodies under examination, and to cover it 
from the acYion of every other fubftance which might facilitate 
itsfuficn ; and, laftly, to collect with great care the water pro- 
duced by the fufion. 

The apparatus confl;ruc~led by thefe two celebrated academi- 
cians for this purpofe, confifts of three circular veflels nearly in- 
fcribed in each other ; fo that three capacities are produced. 
The interiour fpace or capacity is formed by an iron gratings 
upon fupports of the fame metal, Here it is that the bodies 
fubje£ted to experiment are placed. The upper part of this 
cavity is clofed by means of a cover. The middle fpace, next 
to this, is defigned to contain the ice which furrounds the inte- 
riour compartment. This ice is fupported and retained by a 
grate, upon which a cloth is fpread. In proportion as the ice 
melts, the water flows through the grate and cloth, and is col- 
lected in a veiTel placed beneath. Laftly, the external fpace o* 
compartment of the apparatus contains ice intended to prevent 
the effect of the external heat of the atmofphere. 

To ufe this excellent machine, the middle or fecpnd fpace is 
filled with pounded ice, as. is likewife the cover of the internal 
fphere ; the fame thing is done with regard to the external fpace, 
as well as to the general covering of the whole machine : the 
interjour ice is fufFered to drain •, and, when it ceafes to afford 
water the covering of the internal fpace is raifed, to introduce 
die body upon which the experiment is intended to be made, 
Immediately after this introduction, the covering is put on, and 
the whole apparatus remains untouched until the included body 
has acquired the temperature of o> or the freezing temperature 
of water ; which is the common temperature of the internal ca- 
pacity. The quantity of water afforded by the melting of the 
ice is then weighed ; ard this is an accurate meafure of the 
heat difengaged from the body, becaufe the fufion of the ice is 
the effect of this heat only. Experiments pf this kind lalt 
fifteen, eighteen, or twenty hours. 

It is of great confequence, that in this machine there fhould 
be no communication between the middle, or fecond, and the 
external fpace. 

It is likewife necefTary that the air of the apartment fhould not 
be lower than o, becaufe the interiour ice would then receive a 
degree of cold lower than that temperature. 

Specifick heat is merely the proportional quantity of heat 
necefTary to raife bodies of equal mafs to the fame number of 
degrees of temperature ; fo that, when the fpecifick heat of a , 
fohd body is required, its temperature mull be elevated a cer- 
tain number of degrees, at which inftant it mull be placed in, 



Lavo'ifter and Be la Place. *j 

the internal fphere, and there left until its temperature is reduc- 
ed to o. The water is then cc-Heded, and this quantity divided 
by the product of the mafs of the body ; and the number of 
degrees of its original temperature above o, will be proportional 
to its fpecifick heat. 

With regard to fluids, they are inclofed in veflels whofe heat 
has been previoufly determined. The operation is then the fame 
as for folids : excepting that the quantity of water afforded must 
be diminished by a deduction of that quantity which has been 
melted by the heat of the vefTel. 

If it be required to determine the heat which is difengaged 
during the combination of various fubftances, they muft be all 
reduced, as well as their containing veffels, to the temperature of 
o. The mixture muft then be placed in the internal fphere ;• 
-and the quantity of water collected is the meafure of the difen- 
gaged heat. 

In order to determine the heat of combuftion and refpiration, 
as the renewal of air is indifpenfable in thefe two operations, it is 
neceffary to eftablifh a communication between the internal part 
of the fphere and the furrounding atmofphere ; and in order that 
the introduction of frefh air may not caufe any perceptible errour, 
thefe experiments ought to be made at a temperature little differ- 
ing from o, or at leaft the air which is introduced mud previ- 
ously be brought to this temperature. 

To determine the fpecifick heat of any gas, it is neceffary to 
eftablifh a current through the internal part of the fphere, and 
to place two thermometers, one at the place of introdu&ion, 
and the other at the place of efcape. By companion of the 
temperatures exhibited by thefe two inftruments, a judgment 
is formed of the heat abforbed, and the melted ice is measured. 

An excellent memoir of Meffrs. De la Place and Lavoifier 
may be confulted for the refults of the experiments they have 
made. The prefent extract contains only a ihort account of 
their valuable labours. 

The various means made ufe of for the admeafurement of 
heat, are founded on the general principle, that different bodies 
abforb heat in greater or lefs quantities. If this fact, were not 
generally admitted, it might be eftablifhed on the three follow- 
ing fads. Dr. Franklin having expofed two fmall pieces of 
cloth, of the fame texture but of different colours, upon the fur- 
face of fnow, perceived, a few hours afterwards, that the red 
cloth was buried in the fnow, while the other which was white 
had not fuifered any deprefuon.* M. de Saufiure obferves. that 

' Tin •)' were expofed t& the rays of the fun. T, 
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the peafants of the mountains of Switzerland are careful to 
fpread a black earth over the furface of grounds ' covered with 
fnow, when they are defirous of melting it, to fow their feed. 
So likewife children burn a black hat in the focus of a fmalllens 
which would fcarcely heat a white one. 

Such nearly are the phenomena of heat when it is difengaged 
in a ftate of liberty. Let us now contemplate thofe which it 
prefents when it efcapes from a ftate of combination. 

Heat is fometimes difengaged in a ftate of fimple mixture, as 
in the phenomena of vapours, fublimations, &c. If heat be 
. applied to water, thefe two fluids will unite, and the mixture 
will be diiTrpated in the atmofphere ; but it would be an abufe 
of words to call fo weak an union by the name of combination : 
for, as foon as the heat becomes in a fituation to combine with 
other bodies, it abandons the water, which returns to a liquid 
ftate. This body-, during evaporation, continually carries with 
it a portion of heat ; and hence, perhaps, refult the advantages 
of tranfpiration, perfpiration, &c. 

But heat very frequently contracts a true chemical union with 
the bodies which it volatilizes : this combination is even fo per- 
fect, that the heat is not perceptible, but is neutralized by the 
body with which it is combined. It is then called latent heat, 
calor latens. 

The feveral cafes in which heat enters into combination, and 
pafles to the ftate of latent heat, may be reduced to the two fol- 
lowing principles : 

The firft principle. — Every body which pafles from the folid 
to the liquid ftate, abforbs a portion of heat, which is no longer 
fenfible to the thermometer, but exifts in a true ftate of combi- 
nation. 

The academicians of Florence filled a veflel with pounded ice, 
and plunged a thermometer in it, which defcended to o. The 
veflel was then immerfed in boiling water, and the thermome- 
ter did not rife during the whole time of the liquefaction of the 
ice. The fufion of ice therefore abforbs heat. 

Mr. Wilcke poured a pound of water, heated to the <5oth de- 
gree of Reaumur, upon a pound of ice. The melted mixture 
poflefled the temperature of o. Sixty degrees of heat had there- 
fore entered into combination. 

The Chevalier Laudriani has (hewn that the fufion of metals, 
of fulphur, of phofphorus, of alum, of nitre, Sec. abforb heat. 

Cold is produced in the diflblution of all the cryftallized falts, 

Reaumur made a feries of very inferefting experiments on 
this fubject, which confirm thofe of Boyle. Fahrenheit caufed 
the thermoireter to defcend to forty degrees, by melting ice hv 
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ftrong nitrous acid. But the mod aftoniihing experiments are 
thofe made by MefTrs. Thomas Beddoes,*phyfician, and Walker, 
apothecary at Oxford, and inferted in the Philofophical Tranf- 
adticns for the year 1787.! The mixtures which produced the 
greateft degrees of cold are, 1. Eleven parts of muriate of am- 
moniack, or common fal ammoniack ; ten parts of nitrate o£ 
pot-afh, or common nitre ; fixteen parts of fulphate of foda, or 
Glauber's fait ; with thirty-two parts by weight of water : the 
two firft falts fhould be dry, and in powder. 2. The nitrick 
acid, muriate of ammoniack, and fulphate of foda, lowered the 
thermometer to eight degrees under o. Mr. Walker has frozen 
mercury without ufing either ice or mow. 

It is therefore an incontrovertible principle, that all bodies 
which pafs from the folid to the liquid ftate, abforb heat, and 
retain it in fo accurate a combination as to afford no fign of its 
prefence. The heat is therefore fixed, neutralized or latent. 

The fecond principle. — All bodies, by paffing from the folid 
or fluid ftate to the aeriform ftate, abforb heat, which becomes 
latent ; and it is by virtue of this heat that fuch bodies are plac- 
ed and maintained in that ftate. 

On this principle is founded the procefs ufed in China, India, 
Perfia, and Egypt, to cool liquors ufed for drink. 

The water intended for this purpofe is put into very porous 
veflels, and expofed to the fun, or to a current of warm air, to 
cool the fluid contained within them. 

It is by fimilar means that cool drink is obtained in the long 
journies of the caravans. Interefting details on this fubjefit 
may be feen in the Travels of Chardin, vol. iii. 1723 ; Taver- 
nier's Voyages, vol. i. edit. 1 738 ; Paul Lucas's Voyages, vol. ii. 
edit. 1724 ; and alfo in the Mundus Subterraneous of P. Kir- 
6her, lib. vi. fee 2. cap. 2. 

We may conclude from the experiments of Mr. Richmann, 
made in 1747, and inferted in the firft volume of the imperial 
Academy of Pcterfburgh, 1. That a thermometer taken out of 
water, and expofed to the air, always defcends, even when its 
temperature is equal or fuperiour to that of the water. 2. That 
it afterwards rifes, until that it has acquired the temperature of 
the atmofphere. 3. That the time of defcending is lefs than that 
which it employs to rife again. 4. That when the thermometer, 

* It does not appear that Dr. Beddoes either had or pretends to have any 
ether lhare in the experiments of Mr. Walker than that of having tranfmittcd 
them to the Royal Society. 

\ Alfo in the fubfciuent volumes, 
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■withdrawn from the water, has arifen to the common tempera- 
ture, its bulb is dry ; but that it continues wet during the whole 
time of its (landing beneath this common temperature. 

To thefe confequences we (hall add others deduced from fed- 
eral curious experiments by the celebrated Cullen. I. A ther- 
mometer fufpended in the receiver of the air pump, defcends 
two or three degrees during the time of exhauflion, and after- 
wards rifes to the temperature of the vacuum. 2. A thermom- 
eter plunged in alcohol, in the receiver of the air pump, always 
defcends, and the lower in proportion as the bubbles are ftrong- 
er which iflue from the alcohol ; if it be withdrawn from this 
liquor, and fufpended wet beneath the receiver, it falls eight or 
ten degrees while the air is pumping out. 

Tc is well known that if the ball of a thermometer be wrap- 
ped in fine linen, and kept moid by fprinkling with ether, and 
the evaporation be facilitated by agitation in the air, the the- 
mometer will defcend to o. 

The immortal Franklin has proved, in his own perfon, that 
when the body perfpires ftrongly, it is lefs heated than furround- 
ing bodies, and that perfpiration always produces a certain de- 
gree of coldnefs. — -See his letter to Dr. Lind. 

The great number of labourers in the burning heat of our 
climate fupport themfelves only by virtue of a copious perfpira- 
tion, the fluid for which they replenifh by drinking plentifully. 
The workmen employed in glafs-houses, founderies, &c. often 
live in a medium hotter than their bodies, the natural tempera- 
ture of which is equalized and moderated by perfpiration. 

If evaporation be increafed by agitation of the air, the refrig- 
eration is the greater. Hence the ufe of fans, ventilators, &c. 
which, though intended to give motion to warm air, afford like- 
wife the virtue of cooling by facilitating and favouring evapora- 
tion. 

Warm and dry air is bed fuited to form a refreflnng current, 
becaufe it is more calculated to diflblve and abforb humidity ; 
moid air is lefs proper, becaufe it is already faturated. — Hence 
the neceffity of frequently renewing the air to preferve the cool- 
nefs of our apartments. 

Thefe principles have a nearer relation to medicine than is 
generally fuppofed. We find that almoft all fevers end in per- 
fpirations, which, befide the advantage of expelling the morbifick 
matter, poffefslikewife that of carrying off the matter of heat, 
and reftoring the body to its common temperature. The phyfi- 
cian who is defirous of moderating the excefs of heat in the 
body of a patient, ought to maintain the air in that difpofition 
which is molt fuitable to his views. 
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The ufe of volatile alkali is univerfally acknowledged to be of 
advantage in burns, the tooth-ache, &c. May not thefe effects 
be attributed to the volatility of this fubftance, which quickly 
combining with heat, carries it off, and leaves an impreflion of 
cold ? — Ether is a fovereign remedy for the colick. Does not 
its virtue depend on the fame principles ? 

The heat which has entered into combination with bodies 
during their tranfition from the folid to the liquid (late, or from 
this laft to the aeriform ftate, may be again exhibited by cauf- 
ing thefe fubftances to return again to the ftates of liquefaction 
or folidity. In a word, every fubftance which paffes from the 
liquid to the folid ftate, fuffers its latent heat to efcape, which at 
this inftant becomes free or thermometrical heat. 

The celebrated Fahrenheit, in the year 1.724, having left wa- 
ter expofed to a colder temperature than that of ice, the water 
remained fluid : but it congealed by agitation ; and the ther- 
mometer, which marked feveral degrees beneath the freezing; 
point, fuddenly rofe to that temperature. Mr. Treiwald men- 
tions a fimilar fadl ift the Tranfa&ions j and Mr. de Ratte 
made the fame obfervations at Montpellief. 

Mr. Baume has mown, in his enquiries and experiments rela- 
ting to feveral lingular phenomena exhibited by water at the in- 
ftant of its congelation, that feveral degrees of heat are always 
developed at that mftarft. 

Gafeous fubftances are maintained in the aeriform ftate mere- 
ly by the heat which is combined with them ; and when to 
thefe fubftances, thus diflblved in calorick, another body is 
prefented, to which' they have a very ftrong affinity, they aban- 
don their heat to unite with this laft fubftance ; and the calo- 
rick, thus expelled or difengaged, appears under the form of 
free or thermometrical heat. This di'fengagement of heat, by 
the concretion or fixation of gafeous fubftances, was obferved 
by the celebrated Scheele, as may be feen in the valuable ex- 
periments which form the bafis of his Treatife on Air and Fire. 
Since the time of this great man, rigorous calculations have 
been made of the quantity of latent heat exifling in each of 
thefe gafes : we are indebted to Meflrs. Black, Crawford, 
Wilcke, Dela Place, Lavoifier, &c.*for many excellent refearch- 
/•s on this fubjefr.. 
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ARTICLE II. 

Concerning Light. 

It appears that Light is tranfmitted to our eyes by a pecul- 
iar fluid which occupies the interval between us and vifible 
bodies. 

Does this fluid arrive directly from the fun by fucceffive e- 
miffions or eradiations ? or is it a peculiar fluid diftributed 
through fpace, and put in action by the fun's rotary motion,, 
or by any other caufe ? I fhall not enter into any difcuffion up- 
on this fubject, but fhall confine myfelf to point out the phe- 
nomena. 

A. The motion of light is fo rapid, that it paffes through 
nearly eighty thoufand leagues in a fecond. 

B. The elafticity of the rays of light is fuch, that the angle 
of reflection is equal to the angle of incidence. 

C. The fluid of light is ponderous : for if a ray cf light be 
received through a hole in a window- fhutter, and the blade of 
a knife be prefented to it, the ray is diverted from a right line, 
and is inflected towards the body. This circumftance (hows 
that it obeys the law of attraction and fufficiemly authorizes us 
to rials it among other bodies of this nature. 

D. The great Newton fucceeded in decompofing the folar 
light into feven primitive rays, which prefent themfelves 
in the following order : red, orange, yellow, green, bine, indi- 
go, violet. Dies prefent us with only three colours, which are 
red, blue, and yellow : the combinations and proportions of 
thefe three principles form all the fhades of colour with which 
the arts are enriched. Philofophers have maintained that a- 
mong the folar rays there are three primitive colours. — See Les 
Recherchesde M. Marat. 

All natural bodies may be confidcred an prifms which decom- 
pole or rather divide the light. Some reflect the rays without 
producing any change and thefe are white ; others abforb them 
all, and caufe abfolute blacknefs : the greater or lefs affinity of 
the feveral rays with various bodies, and perhaps likewife the 
difpofitionof the pores, is no doubt the caufe that, when a pen- 
cil falls upon a body, fome rays enter into combination, while 
others are reflected ; and it is this which affords the diverfity 
of colours, and the prodigious variety of fhades under which 
bodies appear to our eyes. 

We can no longer confine ourfelves to confider light as 3 
merely phyfical fubftancc ; the chemift perceives its influence* 



Properties and Effecls of L'ight. 83 

in mod of his operations, and finds it neceffary to attend to its 
action, which modifies his refults : and.its effects are no lefs ev- 
ident in the various phenomena of nature, than in the experi- 
ments performed in our laboratories. 

We fee that vegetation cannot take place without light. 
Plants deprived of this fluid become pale ; and when in hot- 
houfes the light comes to them from one part only, the vegeta- 
bles incline towards the aperture, as if to mow the neceffity o£ 
this beneficial fund. 

Without the influence of light, vegetables would exhibit but 
one lifelefs colour ; they are deprived of their beautiful fhades 
by the interception of this luminous fluid. On thefe principles 
celery, endive, and other plants, are bleached. 

Vegetables are not only indebted to the light for their colour, 
but likewife for their fmeil, tafte, combuftibility, maturity, and 
the refinous principle, which equally depend upon this fluid. 
Hence it is, no doubt, that aromatick fubitances, refins, and vol- 
atile oils, are the inheritance of fouthern climates, where the 
light is more pure, conflant and intenfe. 

We fee, likewife, that the influence of light is evident in oth- 
er beings : for, as Mr. Dorthes has obferved, worms and grubs, 
which live in the earth or in wood, are of a whirifh colour. 
The birds and flying infects of the night, are likewife dift inguifh- 
able from thofe of the day by the want of brilliancy of colour \ 
and the difference is equally marked between thofe of the north 
and of the fouth. 

A very altcnifhingproperty of light upon the vegetable kingdom 
is, that when vegetables are expofed to open day-light, or to the 
fun's rays, they emit vital air. We fhall again attend to all thefe 
phenomena when we come to treat of the analyfis of vegetables. 

The fine experiments of Scheele and Berthollet have fhewn 
that the abfence or prefence of light has an aftonifhing effeel: 
upon the refult of chemical experiments. Light difengages 
vital air from feveral fluids, fiich as the nitrick acid, the oxigen- 
ated marine acid, &c. It reduces the oxides or calces of gold, 
filver, Sec. It changes the nature of oxigenated muriates, ac- 
cording to the cbfervatbns of Mr. Berthollet. Light likewife 
determines the phenomena of vegetation exhibited by faline fo- 
Iutions, as I have fhewn. From all which circumftances it is 
evident that we ought to attend to the effect of this agent in 
almoft all our operations. 

" Organization, fenfation, fpontaneous motion, and life, exift 
only at the furface of the earth, and in places expofed to light : 
we might affirm that the flame of Premetheus's torch was the 
expreffon of a philofophical truth which did not efcape the an- 
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cients. Without light, nature was lifelefs, inanimate, and dead : 
a benevolent God, by producing light, has fpread organization^ 
fenfation and thought over the furface of the earth." — Element- 
ry Treatife of Chemiftry "by Mr. Lavoifier. 

We ought not to confound the folar light with the light of 
our furnaces j the light of thefe has, as I am convinced, very 
evident effects in certain phenomena •, but thefe efte&s are flow, 
and fcarcely comparable with thofe of the folar light. 

Although heat often accompanies light, the phenomena we 
have mentioned cannot be attributed to mere heat. Heat may 
indeed modify them where it exifts, but moft afluredly it cannoj: 
produce then}. 



CHAPTER II. 

Concerning Sulphur. 

WE are obliged to place Sulphur among the elements, though 
Our predeceflbrs pretended to have determined its conftituent 
principles. This proceeding would appear to be retrograde, if 
it were not evident that the correction of miftakes is a real ad- 
vancement in fcience. 

The ancients uied the word fulphur to denote every com- 
buftible and imflammable fubftance. Accordingly we find, in 
all their writings, the expreffions fulphur of metals, fulphur of 
animals, fulphur of vegetables, &c 

Stahl amgneth a determinate value to the denomination of 
Sulphur i and fince the time of this celebrated chemift we have 
confined the name to denote a body of an orange-yellow colour, 
dry, brittle, capable of burning with a blue flame, and exhaling 
a penetrating odour during combultion : when rubbed, it be- 
comes eleclrick j and by a light preflure in the hand it cracks, 
and becomes reduced to powder. 

It appears that fulphur is formed by the decompofition of ve- 
getables and animals. It has been found on the walls of necef- 
fary-houfes ; and when the ditch of the Porte St. Antoine, at 
Paris, was cleared, a confiderable quantity was mixed with the 
decayed remains of vegetable and animal fubftances, that had fill- 
ed the ancient ditchest, and there putrefied. 

Mr. Deyeux has likewife proved, that fulphur exifts naturally 
in certain plants, fuch as patientia, cochlearia, &c. His pro- 
cefles for extracting it confift in — i. The warned root muft be 
reduced by rafping into a fine pulp ; this muft be warned in 
Cold water, and pafled through a fieve or cjoth of an open tex- 



Jprocejfes for extracting Sulphur. 85 

tare : the fluid paffes in a turbid ftate, and depofites a precipi-^ 
tate, which when dried proves the exiftence of fulphur. 2- 
The pulp may be boiled, and the fcum afforded by the ebullition 
afterwards dried : the fcum contains fuJphur. Several fpecies 
of rumex, confounded under the name of Patience, do not con- 
tain fulphur. I have obtained it from the rumex patientia L> 
which grows on the mountains Ce\'ennes, and is the fame which, 
is ufed at Paris. M. Le Veillard obtained fulphur by fuffering 
vegetable fubftances to putrefy in well-water. Sulphur is a- 
bundantly contained in coal mines ; it is found in combination, 
with certain metals \ it appears almoft always where vegetable 
decompofition takes place ; it forms the greater part of thofe 
pyritous and bituminous fehifti which occupy the focus of vol- 
Canos ; it is fublimed in thofe places where the pyrites are de- 
compofed ; it is thrown out by lubterraneous fires ; and is found 
in greater or lefs quantities in volcanick diftricts. Much has 
been faid concerning (howers of fulphur ; but it is at prelent 
well known that this errour has chiefly arifen from the powder 
of the ftamina of the pine, which is carried to great diftances. 
Henckel fa\v the furface of a marfh entirely covered with this 
powder. 

The known proceffes for extracting fulphur in the large way, 
and applying it to the purpofes of commerce, confift in difen- 
gaging it from the pyrites or iulphures of copper, or of iron, by 
methoJs poffeffing various degrees of fimplicity and economy. 
Qn this fubjecl, the Pyritology of Henckel, Macquer's Chemical 
Dictionary, and the Metallurgical Tracls of Mr. Jars, may be 
confulted. 

In Saxony and Bohemia the ores of fulphur are diftilled in; 
earthen tubes difpofed in a gallery. The fulphur which is dif- 
engaged by the heat paffes into receivers placed without, and in, 
which care is taken to keep a fufficient quantity of water. 

At Rammelfburg, at St. Bel, &c. large heaps of pyrites are 
made, which are decompofed by a gentle heat, at firtt applied 
to the mafs from a ftratum of combuftible matter upon which it 
is placed. The heat is afterwards kept up by the action of the 
pyrites amongft each other. The fulphur which exhales cannot 
elcape laterally, becaufe care is taken to cover the fides with 
earth. It therefore riles to the fummit of the truncated pyra- 
mid, where it is collected in fmall cavities made for that pur- 
pofe. The heat of this part is fufficient to keep the fulphur in 
a fluid (late ; and it is taken out from time to time with ladles. 

Almoft all the fulphur ufed in France comes from the Solfa- 
tara. This volcanick country every where exhibits marks of 
the agency of fubterraneous fire. The enormous maiTes of py- 
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rites which are decompofcd in the bowels of the earth produce 
hear, which fublimes part of the fulphur through apertures 
which the iire, and the effort of the vapours, have opened in all 
parts. The earths and Hones which contain fulphur are diftilled ; 
and it is the rclult of this diftillation which is called Crude Sul- 
phur. 

The crude fulphur is tranfported into France by the way of 
Marseilles, where it receives the neceffary preparations to render 
it iuitable to various purpofes. i. It is reduced into Hicks or 
rolls, by fufing it, and pouring it into moulds : or, 2. It is 
formed into flowers of brimftone by fubliming it with a gentle 
heat, and collecting this fulphureous vapour in a very dole 
chamber of confiderable extent. This very pure and finely di- 
vided fulphur is diftinguifhed by the name of Flowers of Brim-: 
itone, or Sublimed Sulphur. 

Sulphur enters into fufion by a moderate heat ; and if the 
moment be feized in which the furface congeals, and the liquid 
fulphuT contained beneath that furface be then poured out, the 
internal cavity will exhibit long needle- formed cryftals of an oc- 
tahedral figure. This procefs, contrived by the famous Rouelle, 
has been applied to the cryltallization of almolr. all the metals. 
Sulphur is found naturally cryftallized in Italy, at Conilla near 
Cadiz, &c. Its ufual form is octahedral : but I have, neverthe- 
less, feen cryltals of fulphur in perfect rhomboids. 

Stahi thought that lie had proved, by analyfis and fynthefis, 
that fulphur is formed by the combination of his phlogifton 
with the fulphurick acid. The happy feries of proofs which he 
has left behind him for the eltablilbment of his opinion, has ap- 
peared fo complete, that, fince the time of this great man, his 
doctrine has conltantly been admitted as founded on abfolute 
proof. This example was even urged as an inftance to fhew 
how high a degree of evidence the chemical analyfis was capable 
of affording. But our difcoveries refpecting gafeous fubltances 
have {hewn us, that the ancients were necellarily led into er- 
rour for want of that knowledge. The immenfe refearches of 
the moderns into the competition of acids, have ihewn that thefe 
iubitances are decornpofed in a variety of operations ; and this 
revolution in the ftate of our knowledge muiL have produced a 
firniiar change in our methods of explaining the phenomena. 
An examination of the principal experiments of Stan!, upon 
which his doctrine cflentially depends, will fufficiently ihew the 
truth of what we have alierted. 

If one third part of charcoal, and two thirds of fulphate of 
pot-afh, or vitriolated tartar, be mixed and fuled in a cruci- 
ble, the product is (liver of fulphur) iulphure of pot-afh. If this 
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fulphurebediflolred In water, and the alkali be engaged by adding 
a few drops of fulphurick acid, a precipitate is afforded, which 
ConGftsof true fulphur : « whence," faysStahl, « the fulphur is 
a combination of phlogifton, or the inflammable principle of the 
charcoal with the fulphurick acid." The experiment was true, but 
the confequence is abfurd ; becaufe it would follow that the ful- 
phurick acid which was added, muft have pofleffed the property 
of difplaclng fulphurick acid united to the alkali.* 

If Stahl had more ftriclly anaiyfed the refult or product of 
this operation, he would have been convinced that it does not 
contain a particle of fulphurick acid. 

If he had been poffeffed of the power of operating in clofed 
veffels, and of collecting the gafeous fubftances which are difen- 
gaged, he would have obtained a large quantity of carbonick 
acid, which arifes from the combination of the oxigene of the 
fulphurick acid with the charcoal. 

If he had expofed his liver of fulphur to the air in clofed vef- 
fels, he would have f;en that the vital air is abforbed, that the 
fulphure is decompofed, and that the fulphateof pot-afli, orvit- 
riolated tartar is formed ; which proves the recompofition of 
the fulphurick acid. 

If charcoal be moiftened with fulphurick acid or oil of vitriol, 
and then expofed to diftillatio», the products are carbonick acid 
or fixed air, fulphur, and much fulphureous or volatile vitriolicfc 
acid. 

The experiments of Stahl exhibit the mo ft perfect demonftr?.- 
tion of the decompofition of the fulphurick acid into fulphur and 
oxigene ; and it is not neceffary, in the explanation of them, 
either to fuppofe the exiftence of an imaginary being, or to fup- 
pofe that fulphur is a compounded body. 



CHAPTER III. 

Concerning Carbonc. 

PURE charcoal is called Carbone in the new Nomenclature, 
This fubftance is placed among Ample bodies, becaufe no experi- 
ment has hhherto ihowH the pofiibility of decompofing it. 

* Without pretending, on tbeprefent occafion, to difpute ticher for o? 
againft phlogifton, I (hall ohftrve that this argument i--> among the m*nv 
paralogifms urged on both fides in this com rover iy. If there l'c any dit; 
Rculry in com-tivirj; how dephlogifticated fulphur, or pure virriolick acid, 
may rfifplace phlogifticated vitriolick acid, or fu'phur, the feme « ill apply re 

., which afferts that aerated rulphur, or vitriolick aci 
places d :k acid, or pure fulphur, T. 
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Carbone eiifts ready formed in vegetables. It may be clear- 
ed of all the volatile and oily principles by diftillation ; and, by 
fubfequent wafhing in pure water, it may be deprived of all the 
falts which are mixed and confounded with it. 

When it is required to procure carbone in a ftate of great 
purity it muft be dried by ftrong ignition in a clofed veffel : 
this precaution is neceffary : for the lad portions of water 
adhere with fudr avidity, that they are decompofed, and afford 
hydrogenous gas and carbonick acid. 

Carbone exifts likewife in the animal kingdom : it may be 
extracted by a procefs fimilar to that which we have defcribed ; 
but its quantity is fmall. It appears in the form of a light 
fpungy mafs, difficultly confumed in the air, and mixed with a 
great quantity of phofphates, and even of foda. 

Carbone is likewife fourid in plumbago, of which it is one of 
the principles. 

We (hall treat more fully of this fubftance in the analyfis of 
vegetables. But thefe concife ideas are fuflicient to enable us 
to proceed in our account of its combinations, which is indeed 
the only object of the prefent fliort enumeration of its properties; 



SECTION V; 

Concerning Gafes, or the Solution of certain Principles in Calorick, at tfis 
Temperature of the Atmofphere. 

Vv*ALORICK, in its combination with bodies, volatili- 
ses fome of them, and reduces them to the aeriform ftate. The 
permanence in this (late in the temperature of the atmofphere 
conftitutes the gafes •, fo that, to reduce a fubftance to the ftate 
of gas, confifts in diffolving it in calorick. 

Calorick combines with various bodies, with greater or left 
facility ; and we are acquainted with feveral that, at the temper, 
ature of the atmofphere, are conftantly in the ftate of gas : 
there are others which pafs to this ftate at fome degrees higher, 
and thefe are called Volatile or Evaporable fubftances. They 
differ from fixed fubftances, becaufe thefe laft are not volatilized 
but by the application and combination of a ftrong dofe of calor- 
ick. 

It appears that all bodies do not indifcviminately require the 
fame quantity of calorick to aflame the gafeous ftate ; and we 
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fball fee that this proportion may be deduced from the fixation, 
and concretion of thefe gafeous fubftances* 

To reduce any fubftance to the flate of gas, the application o£ 
calorick may be made in various manners. 

The more fimple method confifls in placing the body in con- 
tact with another body which is heated. In this fituation, the 
heat on one hand diminifhes the affinity of aggregation or com- 
pofition, by feparating the conftituent principles to a greater dif-. 
tance from each other ; on the other hand, the heat unites to the 
principles with which it has the ftrongefl affinity, and volatilizes 
them. This procefs is according to the method of fimple affin- 
ities •, for it in fact confifts of the exhibition of a third body,, 
which, prefented to a compound of feveral principles, combines 
with one of them, and carries it off. 

The method of double affinity may likewifc be ufed to con- 
vert any fubftance into the gafeous form j and this is what hap- 
pens when we caufe one body to act upon another to produce 
a combination, in which a difengagement of fonse gafeous prin- 
ciples takes place. If I pour, for example, the fulphurick acid 
upon the oxiode of manganefe, the acid combines with the met- 
al, while its calorick feizes the oxigene, and rifes with it. This 
principle takes place not only in this inftance, but on all Other 
occafions wherein an operation being performed without the 
application of heat, there is a production of vapour or gas. 

The various ftates under which bodies prefent themfelves to 
our eyes, depend almoft entirely upon the different degrees o£ 
combination of calorick with thofe fame bodies. Fluids do not 
differ from folids, but becaufe they conftantly poffefs, at the 
temperature of the atmofphere, the dofe of calorick which is 
requifite to maintain them in that Mate ; they congeal and pafs 
to the concrete ftate with greater or lefs facility, accordingly as 
the requifite quantity of calorick is more or lefs confiderable. 

All folid bodies are capable of paffing to the gafeous ftate ; 
and the only difference which exifts between them in this refpect 
is, that a dofe of calorick is required for this purpofe, which is 
governed — I. By the affinity of aggregation, which connects 
their principles, retains them, and oppofes itfelf to a new combi- 
nation. 2. By the weight of the conftituent parts, which ren- 
ders their volatilization more or lefs difficult. 3. By the agree- 
ment and attraction between the calorick and the folid body, 
which is more or lefs ftrong. 

All bodies, whether folid or liquid, when they come to be 
volatilized by heat, appear in two ftates — that of vapour, or that 
of gas. 

M 
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In the firft cafe, thefc fubftances lofe, in a fhort time, the ca- 
lorick which railed them, and again appear in their original 
form the moment the calorick finds colder bodies to combined 
With ; but it is rare that the bodies thus divided refume their 
original confidence. This firft (late is that of vapour. 

In the fecond cafe, the combination of calorick with the vol- 
atilized fubftance is fuch, that the ordinary temperature of the 
atmofphere is infufficient to overcome this union. This ftate 
conftitutes the gafes. 

"When the combination of calorick with any fubftance is 
fuch that a gas is produced, thefe invifible fubftances may be 
managed at pleafure, by the affiftancc of apparatus appropriated 
within our time to thefe ufes. Thefe apparatus are known by 
the name of Pneumato^chemick, Hydro-pneumatick appara- 
tus, &c. 

The pneumato-chemical apparatus, in general, confifts of a 
wooden veflel, ufually of a fquare form, and lined with lead or 
tin : two or three inches beneath the upper edge there is formed 
a groove, in which a wooden plank Aides, having a hole in the 
middle, and a notch in one of its fides ; the hole is made in 
the centre of an excavation made in the fhelf, of the figure of a 
funnel. 

This veffel is filled with water or mercury, according to the 
nature of the gafes operated upon. There are fome which eafi- 
ly combine with water, and therefore require to be received over 
mercury. 

The gafes may be extracted in various manners. 

When they are difengaged by fire, a recurved tube is adapted 
to the neck of the retort, one extremity of which is plunged in 
the water or the mercury of the pneumato-chemical velfel, and 
opens beneath the aperture in the fhelf, which is in the form of 
a funnel. The junction of the tube with the neck of the retort 
is fecured with the ufual lute ; a vefiel filled with the liquid of 
the ciftern is inverted upon the fhelf over the aperture. When 
the gas is difengaged from the materials in the retort, it appears 
in the form of bubbles, which rife, and gain the fuperiour part 
of the inverted vefiel. When all the water is difplaced, and the 
bottle is full of gas, it is withdrawn, by adapting a glafs plate 
to its orifice to prevent its diflipation : it may then be poured 
from one vefTel to another, and fubjedted to a variety of experi- 
ments to afcertain its nature. 

When the gafes are difengaged by means of acids, the mix 1 - 
ture which is defigned to afford them is put into a bottle with 
a recurved tube fitted to its neck ; and this tube is plunged in 
the ciftern in fuch a manner, that the bubbles of gas may pafs, 
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as in the former experiment, through the aperture of the funnel 
in the fhelf. 

The procefles at prefent ufed to extract the gafes, and to an- 
alyfe them, are fnnple and commodious : and thefe procefles have 
Angularly contributed to our acquifition of the knowledge of 
thefe aeriform fubftances, whofe difcovery has produced a revo- 
lution in chemiitry. 



CHAPTER I. 

Concerning Hydrogenous Gas, or Infiammable Air. 

INFLAMMABLE Air is one of the conftituent parts of wa- 
ter -, a circumftance which has entitled it to the denomination 
of Hydrogenous Gas. Its property of burning with vital air, 
hascaufedit to be diftinguiflied by the name of Inflammable 
Air. 

Hydrogenous gas has been procured long fince. The famous 
philofophical candle attefts the antiquity of this difcovery ; and 
the celebrated Hales obtained from molt vegetables an air which 
took fire. 

Hydrogenous gas may be extracted from all bodies in which 
it is a conftituent part ; but the pureft is that afforded by de- 
compofition of water, and it is this fluid which ufually affords 
it in our laboratories. For this purpofe the fulphurick acid is 
poured upon iron, or zinc ; the water, which ferves as a vehi- 
cle for the acid, is decompofed on the metal, its oxigene com- 
bines with it, while the hydrogenous gas efcapes. This expla- 
nation, however contrary to the ancient notion, is not the lefs 
a dernonftrated truth ; in fact, the metal exifts in the ftate of 
an oxide in its folution by the fulphurick acid, as may be proved 
by precipitating it with pure vegetable alkali : on the other 
hand, the acid itfelf is not at all decompofed •, fo that the oxi- 
genous gas cannot have been afforded to the iron but by the 
water. Water may be decompofed likewife ftill more directly 
by throwing it upon iron ftrongly heated ; and hydrogenous 
gis may be obtained by caufing water to pafs through a tube o£ 
iron ignited to whitenefs. 

The hydrogenous gas may be extracted by the fimple rliftU- 
Larion of vegetables. Vegetable fermentation, and animal nu- 
trefaction, likewife produce this gafeous fubftance. 

The properties of this gas, are as follow : 

A. Hydrogenous gas has a difagreeable, (linking odour. Mr. 
Kirwan has obfsrved, that when it is extracted over mercury, ifc 
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has fcarcely any fmell. It contains half its weight of water, an4 
Iofes its fmell the moment it is deprived of this additional fub- 
ilancc. 

Kirwan has likewife obferved, that the volume of hydroge- 
nous gas is one eighth larger when received over water than 
when received over mercury. 

Thefe obfervations appear to prove, that the offenfive fmell of 
this gasarifes only from the water it holds in folution. 

B. Hydrogenous gas is not proper for refpiration. The ab- 
be Fontana allures us that he could not take more than three 
infpirations of this air : the count Morrozo has proved that an- 
imals perifh in it in a quarter of a minute. On the other hand 
feveral northern chemifts have affirmed, in confequence of ex- 
periments made on themfelves, that hydrogenous gas might be 
refpired without danger j and it is fome years fince the unfor- 
tunate Pilatre du Rozier filled his lungs with it at Paris, and 
fet it on fire during the expiration, which forms a very curious 
jet of flame. It was remarked to him that the abbe Fontana 
had objected againft the accuracy of the Swedifh chemifts. 
This intrepid philofopher anfwered the objection, by mixing 
one ninth of atmospherical air with very pure hydrogenous gas. 
He refpired this mixture, as ufual ; but when he attempted to 
fet it on tire, the confequence was an explofion fo dreadful, that 
he imagined all his teeth were blown out. 

This oppofition of opinions, and contradiction of experi- 
ments, refpecting a phenomenon which feems capable of unan- 
fwerable decifion by one fingle experiment, induced me to have 
recourfe to trial, to fix my own ideas on the fubjedt. 

Birds fucceflively placed in a veffel of hydrogenous gas, died, 
without producing thefmalleft perceptible change in the gas itfelf. 
I Frocs placed in forty inches of hydrogenous gas died in the 
fpace of three hours and a half : while others lived fifty-five 
hours in ovigenous gas and atmofpherick air ; and when 1 took 
them out ftill living, the air was neither vitiated nor diminished. 
Numerous experiments which I have made upon thefe animals 
have led me to obferve that they have the faculty of flopping 
their refpiration, when placed in any noxious gas, to fuch a de- 
gree, that they infpire only once or twice, and afterwards fuf- 
pend every function on the part of the refpiratory organ. 

I have fince had occafion to obferve that thefe animals are not 
reduced into a putrid mafs by remaining in hydrogenous gas, 
as was affirmed fome time ago. The fact which may have im- 
pofed on chemifts who related this circumftance, is, that frogs 
are often enveloped in a mucus or fanies, which appears to cov- 
er them j but they exhibit the fame phenomenon in all the gafes. 
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After having tried the hydrogenous gas upon animals, I de- 
termined to refpire it myfeif ; and J found that the fame vol- 
ume of this air might be feveral times refpired without danger. 
]But I obferved that this fgas was not changed by thefe opera- 
tions ; whence I concluded that it is not rei'pirable : for, if it 
were, it would fuller a change in the lungs, the obje£l of rtipi- 
ration not being confined to the reception and emiffion of a 
fluid merely ; it is a function much more noble, more interest- 
ing, more intimately connected with the animal economy : and 
we ought to confider the lungs as an organ which is nourifhed. 
by the air, digefts that which is prefented to it, retains the ben- 
eficial, and rejects the noxious part. Since, therefore, inflam- 
mable air can be refpired feveral fucceflive times without dan- 
ger to the individual, and without any alteration or change in it- 
telf, we may conclude indeed that inflammable air is not a poi- 
fon, but that it cannot be confidered as an air effentially proper 
to refpiration. It is with hydrogenous gas in the lungs, as with 
thofe balls of mofs and refin which certain animals fwallow 
during the rigorous feafon of the winter. Thefe balls are not 
digefted, fince the animals void them at the return of fpring ; 
but they delude hunger, and the membranes of the ftomach are 
exercifed upon them without danger, in the fame manner as the 
lungs exert themfelves upon the hydrogenous gas prefented to 
them. 

C. Hydrogenous gas is not combuftible alone ; it does not 
burn but by the concurrence of oxigene. If a veflel filled with 
this gas be reverfed, and a lighted taper be prefented to it, the 
hydrogenous gas is found to burn at the furface of the veflel ; 
but the candle is extinguifhed the moment it is plunged lower. 
The molt inflammable bodies, fuch as phofphorus, do not burn 
in an atmofphere of hydrogenous gas. 

D. Hydrogenous gas is lighter thnn common air. One cu- 
bicle foot of atmofpherick air weighs feven hundred and twenty 
grains ; a cubick foot of hydrogenous gas weighs feventy-two 
grains. The barometer being at 29' 9, and the thermometer 
Co Fahrenheit, Mr. Kirwan found the weight of this air to that 
of common air as eighty-four to one thoufand ; coniequently 
it was about twelve times as light. 

Its fpecifick gravity varies very much, becaufe it is difficult to 
obtain it conftantfy of the fame degree of purity. That which 
is extracted from vegetables contains the carbonick acid and oil, 
which increafes its weight. 

This levity of hydrogenous gas has caufed certain philofophers 
to prefume that it ought to arrive at and occupy the fuperiour 
part of our atmofphere ; and upon this fuppofuion the moil brill- 
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iant conje&ures have been made reflecting the influence which 
a ftratum of this gas, predominating over the reft of the atmof- 
phere, ought to produce in meteorology. They were not aware 
that this continual lcfs of matter is not agreeable to the wife e- 
conomy of nature. They did not obferve that this gas, during 
its afcent in the air, combines with other bodies, more efpecialiy 
oxigene, and that water and other products are the refult ; the 
knowledge of which muft neceflarily lead us to that of moft 
meteors. 

The theory of balloons, or aeroftatick machines, is founded 
on this levity of the hydrogenous gas. 

In order that a balloon may rife in the atmofphere, it is fuffi- 
cient that the weight of the balloon itfelf, and the air it inclo- 
fes, fhould be lefs confideraWe than that of an equal bulk of at- 
mofpherick air ; and it muft rife till its weight is in equilibrio 
with an equal volume of the furrounding air. 

The theory of the Montgolfiers is very different from this. 
In this cafe a given volume of atmofpherick air is rarefied by 
heat, and kept feparated from the common mafs by a hollow 
veflel of cloth. This rarefied fpace may therefore be confider- 
ed for a moment as confifting of a mafs of air of greater levity, 
which muft neceflarily make an effort to rife in the atmofphere, 
and carry its covering along with it. 

E. Hydrogenous gas exhibits various characters, according to 
its degree of purity, and the nature of the fubftances which are 
mixed with it. 

It feldom happens that this gas is pure. That which is afford- 
ed by vegetables contains oil, and the carbonick acid. The in- 
flammable air of marfhes is mixed with a greater or lefs quanti- 
ty of carbonick acid ; and that which is afforded by the decom- 
pofition of pyrites fometimes holds fulphur in folution. 

The colour of hydrogene, when fet on fire, varies according 
to its mixtures. One third of the air of the lungs, mixed with 
the inflammable air of pit-coal, affords a flame of a blue colour -, 
inflammable air, mixed with nitrous air, affords a green coiour j 
the vapour of either affords a white flame. The various mix- 
tures of thefe gafes, and the degree of comprefTton to which 
they are fubjecled, when exprefled out of an aperture in order- 
fo burn them, have, in the hands of certain operators, afforded 
very agreeable illuminations, well deferving the attention of 
learned and curious obfervers. 

F. Hydrogenous gas poffefles the property of diffolvimg ful- 
phur. In this cafe it centralis a ilinking imcll, and forms he- 
patick gas. 
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Mr. Gengembre put fulphur into inverted veffels filled with 
hydrogenous gas, and diffolved it by means of the burning-glafs. 
The hydrogenous gas, by this treatment, obtained all the char- 
acteriftick properties of hepatick gas. 

The formation of this gas is almoftan effect of thedecompo- 
fition of water. In fact, the alkaline fulphures, or livers of ful- 
phur, do not emit any difagreeable fmell while they are dry j 
but the moment they are moiftened, an abominable fmell is 
perceived, and fulphate of pot-afh, or vitriolated tartar, begins 
to be formed. Thefe phenomena prove that the water is decom- 
pofed •, that otic of its principles unites to the fulphur, and vol- 
atilizes it ; while the other combines with the alkali, and forms 
a more fixed product. 

Sulphurated hydrogenous gas may be obtained by diffolving 
the fulphures or hepars by acids. Thofe acids in which the ox- 
igene is mod adherent difengage the greateft quantity. The 
muriatick acid produces twice as much as the fulphurick. That 
which is produced by this laft, burns with a blue flame ; but 
that which is difengaged by the muriatick acid, burns with a 
yellowifh white flame. 

Scheele has taught us the mearisof obtaining this gas in great 
abundance, by decompoiing artificial pyrites, formed bv three 
parts of iron and one of fulphur, to which fpirit of vitriol is added. 

The natural decornpofition of pyrites in the bowels of the 
earth produces this gas ; which efcapes with certain waters, and 
communicates peculiar virtues to them. 

The molt general properties of thefe gafes are : 

i. They render the white metals black. 

i. They are improper for refpiration. 

3. They impart a green colour to fyrup of violets. 

4. They burn with a light blue flame, and depofite fulphur 
by this combuftion. 

5. They mix with the oxigenous gas of the atmofpherick air* 
and form water ; at the fame time that the fulphur, before held 
in folution, falls down. Hence it happens that fulphur is found 
in the channels of hepatick waters, though their analyfis doei 
not (how the exiltence of an atom of that fubftance held in fo- 
lution. 

6. They impregnate water, and are fparingly foiuble in that 
fluid ; but heat or agitation diilipates them again. 

The air which burns at the furface of certain fprings, and 
forms what is known by the name of the burning fprings, con_ 
fifts of hydrogenous gas holding phofphorus in folution. It 
fmells like putrid fifh. The Pcre Lampi has difcovered one of 
thefe iprin^r, in the lfles of St. Colombat. Dauphiny exhibit* 



p6 I'ltal Air. 

another fimilar fpring at the diftance of four leagues from Gre- 
noble. The ignis fatui which glide along burying-grounds* 
and which the fuperftitious people fuppofe to confift of the 
fpirits of the departed, are phenomena of this nature, which we 
fhall fpeak of when we come to treat of phofphorus. 
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Concerning Oxigenous Gas, or Vital Air. 

THIS gafeous fubftance was difcovered by the celebrated 
Prieftly, On the firft of Auguft 1774. Since that memorable 
day, means have been devifed of obtaining it from various fub- 
ftances ; and its properties have fhown that it is a production 
of the moffc interefting nature in the knowledge of chemiftry. 

No part of the atmofphere exhibits vital air in its greateft de- 
gree of purity. It is always combined, mixed, or altered by 
other fubftances. 

But this air, which is the molt general agent in the operations 
of nature, exifts in combination with various fubftances ; and 
it is by their decompofition that it maybe extracted and procured. 

A metal expofed to the air becomes changed: and thefe chang- 
es are produced only by the combination of the pure air with 
the metal itfelf. Simple diftillation of fome of thefe metals 
thus changed, or oxides, is fufficient to difengage this vital air ; 
and it is then obtained in a very pure (tare, by receiving it in the 
hyuro-pneumatick apparatus. One ounce of red precipitate af- 
fords about a pint. 

All acids have vital air for their bafe •, there are fome which 
yield it eafily. The diftillation of nitre decompofes the nitrick 
acid ; and about twelve hundred cubick inches of oxigenous gas 
are obtained from a pound of this fait. 

The nitrick acid when diftilled from various fubftances, is de- 
compofed, and its conftitucnt parts maybe obtained feparately. 

Mefirs. Prieftly, Ingenhoufz, and Sennebier difcovered near- 
ly at the fame time, that vegetables expofed to the light of the 
fun emit vital air. We fhall elfewhere fpeak of the circum- 
stances of this phenomena ; but fhall at prefent confine our- 
fHves to the obfervation, that the emiffion of vital air is propor- 
tioned to the rigour of the plant, and the vivacity of the light ; 
and that the direct emiffion of the rays of the fun is not necef- 
fary to produce this gafeous dew ; it is fufficient that the plant 
be well enlightened, in order that it may trhnfpire pure air ; 
for I have often collected it in abundance from" a kind' of mofs 
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which covers the bottom of a veffel filled with water, and fo 
well defended that the fun never (hone directly upon it. 

In order to procure the vital air which is difengaged from 
plants, it is fufficient to enclofe them beneath a glafs veffel fil- 
led with water, and inverted over a tub filled with the fame flu- 
id. The moment the plant is acted on by the fun, fmall bub- 
bles of air are formed on its leaves, which detaching themfelveSj 
rife to the upper part of the veffel, and difplace the liquid. 

This dew of vital air \i a beneficial gift of nature, to repair 
inceffantly the confumption of vital air. The plant abforbs at- 
mofpherical mephitis, and emits vital air. Man, on the con- 
trary, is kept alive by vital air, and emits much mephitis. It 
appears therefore that the animal and vegetable kingdomslabour -£7 
for each other ; and that by this admirable reciprocity of fer- 
vice the atmofphere is continually repaired, and an equilibrium 
is maintained between its conftituent principles. 

The influence of folar light is not confined to the production 
of vital air by its action upon vegetables alone j it has likewife 
the fingular property of decompofing certain fubftances, and 
difengaging this gas. 

A bottle of oxigenated muriatick acid, cxpofed to the fun, 
fuffers all the fuperabundant oxigene which it contained to ef- 
cape, and paffes to the flate of ordinary muriatick acid. The 
fame acid, expofed to the fun in a bottle wrapped in black pa- 
per, does not fuffer any change ; and, when heated in a dark 
place, is even reducible into gas without decompofition. The 
nitrick acid likewife affords oxigenous gas, when expofed to the 
fun ; whereas heat alone volatili2es it without decompofition. 

The muriate, or marine fait of filver, placed under water, and 
cxpofed to the fun, fuffers oxigenous gas to efcape from it. I 
have obferved that red precipitate likewife affords oxigene in 
fimilar cafes, and that it becomes black in no very long fpace of 
time. 

We may likewife obtain oxigenous gas by difengaging it from 
its bafis by means of the fulphurick acid. The procefs to which 
I give the preference, on account of its fimplicity, is the follow- 
ing : — I take a fmall apothecary's phial, into which I put one 
or two ounces of manganefe, and pour thereon a fufficient quan- 
tity of fulphurick acid to form a liquid pafle. 1 afterwards fit 
a cork to the opening of the bottle, with a hole through it, into -+r- 
which is inferted a recurved tube ; one of whofe extremities 
enters the bottle, while the other is placed under the fheif of the 
pneumato- chemical apparatus. When the apparatus is thus 
difpofed, I prefent a fmall coal to the lower part of the bottle, 
and oxigenous gas is immediately difengaged, 
N 



9« Vital Air. 

The manganefe I ufc was difcovcred by me at St. Jean dc' 
Gardonnenque. Ic affords its oxigene with fuch facility, that 
nothing more is neceffary for this purpofe than to incorporate it 
with the fulphurick acid. This gas is not perceptibly mixed 
with nitrigenous gas (or phlogifticated air) ; and the firft bub- 
ble is as pure as the laffc. 

Oxigencus gas exhibits certain properties, according to its de- 
gree of purity. Thefe depend in general upon the fubftances 
which afford it. That which is obtained from the mercurial 
oxides almoft always holds a fmall quantity of mercury in folu- 
tion : I have been a witnefs to its having produced a fpeedy fal- 
iyation on two perfons who ufed it for diforders of the lungs. 
In confequence of thefe obfervations, I filled bottles with this 
gas, expofed them to an intenfe cold, and the fides became ob- 
fcured with a ftratum of mercurial oxide, in a ftate of extreme 
divifion. I have feveral times heated the bath, over which I 
caufed this gas to pafs ; and I obtained at two different times 
a yellow precipitate in the bottle in which I had received the gas. 

The oxigenous gas extracted from plants is not equally pure 
with that afforded by the metallick oxides: but from whatever 
fubftances it is obtained, its general properties are the following. 

A. It is more ponderous than the air of the atmofphere ; the 
cubick foot of atmofpherical air weighing feven hundred and 
twenty grains, while the cubick foot of pure air weighs feven 
hundred and fixty-five. According to Mr. Kirwari, its weight • 
is to that of common air as eleven hundred and three to one 
thoufand. One hundred and fixteen inches of this air weighed 
^9>°9' g ram s •, one hundred and fixteen inches of common air 
weighed 35,38 grains at the temperature of ten degrees of Reau- 
mur, and twenty.eight inches of preffure. One hundred parts 
of common air weighed forty-fix, and one hundred parts of vital' 
air fifty. 

B. Oxigenous gas is the only fluid proper for combuftion. 
This acknowledged truth caufed the celebrated Scheele to give 
it the name of Air of Fire. 

To proceed with greater order in the examination of one of 
the inoft important properties of oxigenous gas, fince it belongs 
exclufively to this fluid, we fliall lay down the four following 
principles, as inconteflible refulfs of all the known fa£ts. 

The firft principle. — Combuftion never takes place without 
vital air. 

The fecond principle. — In every combuftion there is an ab- 
forption of vital air. 

The third principle. — There is an augmentation df weight in ! 
the prdduQ j of tombuftion equal to the weight of the vital air 
abforbed. 
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The fourth principle. — In all combuftion there .is a difengage- 
nient of heat and light. 

I. The firft of thefe propofitions is a ftricl truth. Hydrogen- 
ous gas does not burn alone, without the affiftance of oxigene ; 
and all combuftion ceafes the moment that oxigenous gas is 
wanting. 

II. The fecond principle contains a truth no lefs general. 
If certain bodies, fuch as phofphorus, fulphur, &c. be burned 
in very pure oxigenous gas, this is abforbed to the laft particle ; 
and when the combuftion is effected in a mixture of feveral 
gafes, the oxigene alone is abforbed, and the others remain un- 
changed. 

In the flower combuftions, fuch as the rancidity of oils, and 
the oxidations of metals, there is equally an abforption of oxi- 
gene, as may be fhewn by confining thefe bodies in a determi- 
nate mafs of air. 

III. The third principle, though not lefs true than the preced- 
ing, requires more explanation ; and for this purpofe we fhall 
diftinguifh thofe combuitions whofe refult, refulue, and pro- 
duel: are fixed, from thofe which afford volatile and fugacious 
fubftances. In the firft cafe the oxigenuous gas quietly com- 
bines with the body ; and by weighing the fame body the 
moment the combuftion has .completely taken place, k is eafiiy 
afcertained whether the increafe in weight be proportioned to 
the oxigene abforbed. Tins happens in all the cafes wherein 
the metals are oxided, or oils rendered rancid ; and in the pro- 
duction of certain acids, fuch as phofphorick, thefulphurick,£:c. 
In the fecond cafe, it is more difficult to weigh all the i-efults of 
the combultion, and confequently toafcertain whether the aug- 
mentation in weight be proportioned to the quantity of the air 
abforbed. Neye'rthelefs, if the combuftion be made in inver- 
ted veffels, and the whole of the products be collected, it is 
found that their augmentation in weight is ftridtly equal to that 
of the air abforbed. 

IV. The fourth principle is thai whole applications are the 
molt interefting to be known. 

In moft combuftions, the oxigenous gas becomes fixed and 
concrete. It therefore abandons the cabrick which maintain- 
ed it in the aeriform ftate j and this calorick being fet at liber- 
ty produces heat, and endeavours to combine itfeif with the 
fubftances neareft at hand. 

The difengagement of heat is therefore a conftant effect: in 
all the cafes wherein vital air is fixed in bodies ; and it follows, 
from this principle — i. That heat is molt eminently refident 
in the oxigenous gas which maintains combuftion. 2. Thai 
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the more oxigene is abforbed in a given time, the ftronger wi|l 
be the heat. 3. That the only method of producing a violen; 
heat confifts in burning bodies, in the purcft air. 4. That fire 
and heat muft be more intenfe in proportion as the air is more 
condenfed. 5. That currents of air are necefiary to maintain 
and expedite combuftion. It is upon this principle that the 
theory of the effects of the cylinder lamps is founded : the cur- 
rent of air which is renewed through the tube, fupplies frefli 
air every inftant ; and by continually applying a new quantity 
of oxigenous gas to the flame, a heat is produced fufficient to 
ignite and deftroy the fmoke. 

It is likewife on the fame principle that we explain the great 
difference that exifts between heat produced by a (low combuf- 
tion, and that which is afforded by rapid combuftion. In the 
latter cafe the fame quantity of heat and light is produced in a 
fecond, which might have been produced in the other cafe in a 
much longer time. 

The phenomena of combuftion, by means of oxigenous gas, 
depend likewife upon the fame laws. Profeffor Lichtenberger, 
of Gottingen, foldered the blade of a knife to a watch fpring by 
means of oxigenous gas -, Me firs. Lavoifier and Erhmannhave 
fubjected almofl all the known bodies to the action of fire 
maintained by oxigenous gas alone ; and they produce effects 
which the burning-glafs could not have operated. 

Mr. Ingenhoufz has fhewn us that if an iron wire be bent into 
a fpiral form, and any combuftible fubftance whatever be fixed 
to one of its ends, and fet on fire, the wire will itfelf be fufed 
by plunging it into oxigenous gas. 

Mr. Forfter, of Gottingen, found that the light of glow- 
worms is fo beautiful and bright in oxigenous gas that one 
fingle infect was fufficient to afford light to read the Anonces 
Savantes of Gottingen, printed in a very fmall character. 
Nothing more is wanting therefore than to apply this air to 
combuftion with facility and economy ; and Mr. Muef- 
nier has fucceeded in this, by conftructing a fimple and com- 
modious apparatus. On this fubject the treatife o f Mr. Erh- 
mann on fufion may be confulted. 

The defcription cf the gazomctcr may likewife be feen in 
the Elementary Treatife of Chemiftry, by Mr. Lavoifier. 

We fhall diftinguifh three ftates in the very act of combuf- 
tion — ignition, inflammation, and detonation. 

Ignition takes place when the combuftible body is not in the 
aeriform ftate, nor fufceptible of affuming that ftate by the fim- 
ple heat of combuftion. This happens when well-made char- 
coal is burned. 
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When the combuftible body is prefented to oxigencus gas, 
in the form of vapour or gas, the refult is flame ; and the flame 
is more confiderable, in proportion as the combuftible body is 
more volatile. The flame of a candle is not kept up but by the 
volatilization of the wax, which is continually effected by the; 
heat of the combuflion. 

Detonation is a fpeedy and r|pid inflammation, which, occa- 
fions a noife by the inftantanecus formation of a vacuum. 
Mod detonations are produced by the mixture of hydrogenous 
and oxigenous gas, as I have fhewn in my Memoir upon Deto- 
nations, in the year 178 1. It has been fin ce proved, that the 
product of the rapid combuftion of thefe two gafes is water- 
Very ftrong detonations may be produced by burning a mixture 
of one part of oxigenous gas with two of hydrogene. The effect: 
may be rendered ftill more terrible, by caufing the mixture to 
pafs through foap-water, and fetting fire to the bubbles which, 
are heaped on the furface of the fluid. 

Chemiftry prefents feveral cafes in which the detonation 
arifes from the fudden formation of feme gafeous fubftances, 
fuch as that which is produced by the inflammation of gunpow- 
der ; for in this cafe there is a fudden production of carbonick 
acid, of nitrogene gas, &c. The production or inftantaneous cre- 
ation of any ga% whatever mult occafion a fhock or agitation 
in the atmolphere, which neceflarily affords an explofion ; the 
f ffedt q£ theie explofions increafes, and becomes ftronger, from 
the oppofition of any obstacles againft the efcape of the gas. 

C. Oxigenous gas is the only gas proper for refpiration. It 
is the molt eminent property which has entitled it to the name 
of Vital Air ; and we fhall give the preference to this denom- 
ination in the prefent article. 

It has long fince been known that animals cannot live without 
the affiftance of air. But the phenomena of refpiration have 
been very imperfectly known until lately. 

Of all the authors who have written concerning refpiraticn, 
the ancients are thofe who have had the moft accurate ideas of 
it. They admitted in the air a principle proper to nourifh and 
fupport life, which they -denoted by the name of pabulum vita ; 
and Hippocrates exprefsly fays, fpirlius eiiam alunentum e/I. 
This idea, which was connected with no hypothecs, has been 
fucceffively replaced by fyftems void of all foundation. Some- 
times the air has been cenfidered as a ftimulus in the lungs, 
which kept up the circulation by its continual action. Vide 
Haller. — Sometimes the lungs have been cenfidered as bellows 
defigned to cool the body, heated by a t-houfand imaginary 
<1 when it was proved that the volume of air was 
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diminifhed in the lungs, it was thought to be an explanation oi 
every difficulty, to fay that the air was deprived of its fpring. 

At this day, however, we are enabled to throw feme light on 
one of the molt important functions of the human body. In 
order to proceed with more perfpicuity, we ihall reduce our 
notions to feveral principles. 

i . No animal can live without the afTiftance of air. This fact 
is universally admitted ; but it has not been known until lately 
that the faculty which the air pofleffes, of anfwering the pur- 
pofe of refpiration, arifes only from one of the principles of 
atrr.ofpherick air, known by the name of vital air. 

2. All animals do not require the fame purity in the air. 
Birds, as well as men, and the greateft part of quadrupeds, re- 
quire a very pure air ; but thofe which live in the earth, or 
which hide themfelves in a Mate of ftupefa£tion during the 
winter, can fubfifl by means of a lefs pure air. 

3. The manner of refpiring the air is different in the feveral 
fubjects. In general, nature has given to animals an organ, 
which by its involuntary dilation and contraction receives and 
and expels the lluid in which the animal moves and exifts. 
This organ is more or lefs perfect, more or lefs concealed and 
defended from external injury, according to its importance, 
and influence upon the life of the creature, as Mr. Brouflbnnet 
has obferved. 

Amphibious animals refpire by means of lungs : rJut they 
can fufpend their motion even wbilft they are in the air ; as I 
nave obferved with regard to frogs, which Hop their refpiration 
at pleafure. 

The manner of refpiration in fifhes is very different ; thefe 
animals come from time to time to inhale the air at the furface 
of the water, where they fill their vefic'e, and digeil it after- 
wards at their cafe. I have for a long time obferved the phe- 
nomena" of fifhes in the act of refpiration ; and am well allur- 
ed that they are fenfible of the action of all the gales, like" , 
other animals. Mr. De Fourcroy has obferved that the air 
contained in the veficle of the carp is nitrogene gas (phlogilli- 
cated air.) 

Infects with trachea exhibit organs (lill move remote from 
ours in their conftruction. In thete animals, refpiration is ef- 
fected by the tracheae diftributed along the body. They ac- 
company all the veffcis, and terminate by loiirg themfelves in 
infenfibie pores at the furface of the (1 

Thefe infects appear to me to exhibit feveral very evid< 
points of analogy with vegetables. 
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i. Their refpiratory organs are formed In the fame manner, 
being difpofed through the whole body of the vegetable and the 
animal. — 2. Infects do not require a great degree of purity inr 
the air ; and plants are nourifhed with atmofpherical mephi- 
tis. — 3. Both the one and the other tranfpire vital air. The 
abbe Fontana difcovered feveral infects in ftagnant waters, 
which when expofed to the fun afforded vital air ; and the 
green matter which is formed in ftagnant waters, and is by Dr. 
Prieftley placed among the confervse, in conformity with the 
opinion of his friend Mr. Bewley — which Mr. Senebier has 
fuppofed to be the conferva cefpitofa filis retlh undlque divergently 
bus Halleriy and which has appeared to Dr. Ingenhoufz to be 
nothing elfe but a mafs of animalcula — affords a prodigious 
quantity of this air when expofed to the fun. — 4. Infects like- 
wife afford, by chemical analyfis, principles fimilar to thofe of 
plants, fuch as refins, volatile oils, &c. 

Father Vaniere appears to have known, and very elegantly 
c'xpreffed, the property of vegetables to fupport themfelves by 
means of vital air : 

.... Arbor enin (res non ignota), ferarurri' 
Inftar et halituum, pifcifque latentis in imo 
Gurgite, vitales et rtddit tt accipit aura* 

ProediuM Rusticum, 1. vi. 

Animals with lungs refpire only by virtue of the vital air 
which furrounds them. Any gas deprived of this mixture be- 
comes immediately improper for refpiration ; and this function: 
\i exercifed with fo much the greater liberty as vital air exifts 
in a greater proportion in the air refpired. 

Count Morozzo placed fucceffively feveral full-grown fpar- 
fows under a glafs bell, inverted over water. It was at firft 
filled with atmofpherical air, and afterwards with vital air* 
He obferved — 

1. In atmofpherical air, Hours. Mia. 

The fir ft fp arrow lived 3 o 

The fecond --03. 
The third o 1 

The water rofe in the veffel eight lines during the life of the 
firft ; four during the life of the fecond ; ar.d the third pro- 
duced no abforpiion. 
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2. In vital air 


Hours. 


Mic." 


The firft fparrow lived 


5 


n 


The fecond 


2 


io 


The third 


I 


30 


The fourth 


I 


10 


The fifth 


O 


3° 


The fixth 


o 


47 


The feventh 


o 


27 


The eighth 


o 


3° 


The ninth 


o 


22 


The tenth 


o 


21 



From thefe experiments it may be concluded, 1. That an an- 
imal lives longer in vital air than in atmofpherical air. 2. 
That an animal can live in air in which another has died. 3, 
That, independent of the nature of the air, refpect mult be had 
to the conftitution of the animals, as the fixth lived forty-feven 
minutes, and the fifth only thirty. 4. That there is either an 
abforption of airy or the production cf a new kind of air, which 
is abforbed by the water as it rifes. 

It remains* at prefent, to examine what are the changes pro- 
duced by refpiration. 1. In the air. 2. In the blood. 

The gas emitted by expiration is a mixture of nitrogene gas* 
carbonick acid, and vital air. If the air which iffues from the 
lungs be made to pafs through lime-water, it renders it turbid ; 
if it be received through tincture of turnfole, it reddens it ; and 
if a pure alkali be fubftituted inftead of the tincture of turn- 
fole, it becomes effervefeent. 

When the 'carbonick acid has been abforbed by the foregoing 
procefs, the remainder of this air confifls of nitrogene gas and 
vital air. The viral air is fhown to be prefent by means of ni- 
trous air. The air in which I had caufed live fparrows to per- 
iih, afforded feventeen hundredth parts of vital air. After hav- 
ing thus deprived the expired air of all its vital air, and all its 
Carbonick acid, the remainder is nitrogene gas. 

It has been obferved that frugivcrous animals vitiate the air 
leis than carnivorous animals. 

A portion of the air is abforbed in refpiration. Boreili for- 
merly took notice of this ; and Dr. Jurin had calculated that 
a man infpired forty cubick inches of air in his ufual inhalations, 
and that in the greateft he could receive two hundred and twen- 
ty inches ; but that a portion was always abforbed. The 
celebrated Dr, Hales endeavoured to determine this abforption 
more ItriclTy, and he eftimated it at a fixty-eighth of the total 
M the refpired air •, but he did not confider it as more than a 
hundred and thirty-fixthj c:i accouiit cf crrours which he Cuppa* 



Vital Air. 



I°S 



fed to have taken place. Now a man refpireg twenty times in a 
minuce, and inhales forty cubicle inches of air at each infpira- 
tion : this makes forty-eight thoufand per hour ; which, divid- 
ed by one hundred and thirty-fix, gives about three hundred and 
fifty-three inches of air abforbed and deftroyed in the hour. The 
procefs of Hales is not exact ; becaufe he pafTed the air expired 
through water, which muft have retained a fenfible proportion. 

From more accurate experiments, Mr. De la Metherie has 
proved, that three hundred and fixty cubick inches of vital air are 
abforbed in an hour. 

My experiments have not fhown near fo great a lofs. 

This fact affords a proof of the facility with which air is viti>- 
ated by refpiration when it is not renewed, and fhows why the 
air of theatres is in general fo unwholefome. 

II. The firft effect which the air appears to produce upon the 
blood is, that of giving it a vermillion colour. If the blackifh 
venous blood be expofed in a pure atmofphere, it becomes of a 
vermillion-colour at its furface : this fact is daily obferved when 
blood is fufFered to remain expofed in a porringer to the air. 
Air which has remained in contact with blood extinguishes can- 
dles, and precipitates lime-water. Air injected into a de- 
terminate portion of a vein between two ligatures, renders the 
blood of a higher colour, according to the fine experiments of 
£Dr. Hewfon. 

The blood which returns from the lungs is of a higher colour, 
according to the obfervations of MeiTrs. Cigna, Hewfon, &c. 
Hence arifes the great intenfity of the colour of arterial blood, 
compared with venous blood. 

Mr. Thouvenel has proved, that by withdrawing the air 
which is in contact with the blood, it may be again made to lofe 
its colour. 

Mr. Beccaria expofed blood in a vacuum, where it remained 
black, but afTumed the mod beautiful vermillion colour as foon 
as it was again expofed to the air. Mr. Cigna covered blood 
with oil, and it preierved its black colour. 

Dr. Pxieftly caufed the blood of a fheep to pafs fucceffively 
into vital air, common air, mephitick air, &c. and he found 
that the blackeft parts afTumed a red colour in refpirable air, 
and that the intenfity of this colour was in proportion to the 
quantity of vital air prefent. The fame philofopher filled a 
bladder with blood, and expofed it to pure air. That portion of 
blood which touched the furface of the bladder, became red, 
while the internal part remained black j an abforption of air 
therefore took place through the bladder, in the fame manner as 
when the contact is immediate. 
O 
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All thefe fads inconteftibly prove, that the vermillion colduY 
aflumed by the blood in the lungs, is owing to the pure air 
which combines with it. 

The vermillion colour of blood is therefore the firft effect of 
the contact, abforption, and combination of pure air with the 
blood. 

The fecond effect of refpiration is to eftablifli a real focus of 

heat in the lungs ; which is a circumftarrce very oppofite to the 

precarious and ridiculous notion of thofe who have confidered 

*; ' the lungs as a kind of bellows defigned to cool the human body. 

Two celebrated phyficians, Hales and Boerhaave, have ob- 
ferved that the blood acquired heat in palling through the lungs ; 
and modern phyfiologifts have eftimated this augmentation of 
heat at eleven hundredths. 

The heat in each clafs of individual animals is proportioned 
to the magnitude of their lungs, according to Meflrs. De Buffbrf 
and Brouffonet. 

Animals with cold blood have only one auricle and one ven- 
tricle, as Ariftotle obferved. 

Perfons who have refpired vital a?r, agree in affirming that 
they have perceived a gentle heat vivifying the lungs, and infen- 
fibly extending from the breaft into all the other parts of the 
body. 

Ancient and modern facts unite therefore to prove, that a 
*&■-" focus of heat really exifts in the lungs, and that it is maintained 
and kept up by the air of refpiration. We are able, at prefent, 
to explain all thefe phenomena. In fact there is an abforption 
of vital air in refpiration. Refpiration- then may be confidered 
as an operation by means of which vital- air paffes continually 
from the gafeous to the concrete ftate : it muft therefore at each 
inftant abandon the heat which held it in folution, and in the 
ftate of gaS. This heat produced at every infpiration muft be 
proportioned to the volume of the lungs, to the activity of this 
organ,* to the purity of the air, the rapidity of the infpirations, 
&c. Hence it follows that, during the winter, the heat produc- 
ed mull be more confiderable, becaufe the air is more condenfed, 
and exhibits more vital air under the fame volume. By the fame 
reafon, refpiration ought to produce more heat in the inhabit- 
ants of northern climates ; and this is one of the caufes prepar- 
ed by nature to temperate, and continually balance, the extreTO 
co 'd of thefe climates. It follows like wife that the lungs of afth- 
matick perfons are lefs capable of digefling the air ; and I am af- 
fured that they emit the air without vitiating it : from which caufe 
their complexion is cold, and their lungs continually languifh- 
ipg - r vital air is therefore wonderfully comfortable to themv 



Vital AW. 



107 



It may be eafrly conceived from thefe principles why the heat 
of animals is proportioned to the volume of their lungs ; and 
why thole which have only one auricle, and one ventricle, have 
cold blood, &c. 

The phenomena of refpiration are therefore the fame as thofe 
of combuftion. 

Vital air, by combining with the blood, forms the carbonick 
acid, which may be confidered as antiputrefcent as long as it re- 
mains in the circulation ; and that it is afterwards emitted 
through the pores of the fkin, according to the experiments of 
the count De Milly, and the obfervations of Mr. Foquet. 

Vital air has been ufed with fuccefs in certain diforders of the 
human body. The obfervations of Mr. Caillens are wejl known. 
He caufed perfons affected with phthifical diforders to refpire 
it with the greatefl fuccefs. I have myfelf been a witnefs to 
the mod wonderful effects of this air in a fimilar cafe. Mr. 
De B — - was in the lad flage of a confirmed phthifis. Ex- 
treme weaknefs, profufe fweats, a flux of the belly, and in fhort 
every fympjom announced the approach of death. One of my 
friends, Mr. De P — — , put him on a courfe of yital air. The 
patient refpjred it with delight, and afked for if with all the ea- 
gernefs of an infant at the breaft. During the time that he ref- 
pired it he felt a comfortable heat, which distributed itfelf 
fhrough all his limbs. His ftrength increafed with the greatefl 
rapidity ; and in fix weeks he was able to take long walks. 
This ftate of health lafled for fix months : but after this interval 
he relapfed ; and being no longer able to have recourfe to the 

ufe of vital air, becaufe Mr. De P had departed for Paris, 

he died. — I am very far from being of opinion that the refpirapon 
of vital air ought to be confidered as a fpecifick, in ca.fes'of this 
nature, I am even in doubt whether this powerful air is per- 
fectly adapted to fuch circumftances ; but it infpires cheerful- 
nefs renders the parent happy, and in defperate cafes it isrnoft 
certainly a precious remedy, which can fpread flowers 011 
the borders of the tomb, and prepare us in the gentleft manner 
for the lafh dreadful effort of nature. 

The abfolute necefhty of vital air in refpiration, enables us 
to lay down pofitive principles for purifying the ccrrupted'air 
of any given place. This may be done in three ways. The 
firfl confifts in correcting the vitiated air by means of fubftances 
which are capable of feizing the noxious principles. The fecond 
confifts in difplacing the corrupted air, and fubftituting frefh air 
in the room of it ; as is done by means of ventilators, the agita- 
tion of doors, &c. And the third confifts in pouring into the 
mephitifed atmofphere a new quantity of vital air. 
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The procefTes employed in purifying corrupted air, are not all 
certain in their effecls The fires which are lighted for this pur- 
pofe have no other advantage than to eftablifh afcending cur- 
rents, and to burn unhealthy exhalations ; and perfumes do 
nothing more than difguife the bad fmell, without changing the 
nature of the air, as the experiments of Mr. Achard (hew. 



CHAPTER HI. 

Concerning Nitrogene Gas, Azote, or Atmofpherical Mephitis. 

IT has been long fmce afcertained, that air which has ferved 
the purpofes of combuftion and refpiration, is no longer proper 
for thofe ufes : the air thus corrupted has been diflinguimed by 
the names of phlogifticated Air, Mephitifed Air, Atmofpherical 
Mephitis, &c. I call it Nitrogene Gas, for the reafons explained 
in the preliminary difcourfe. 

But this refidue of combuftion or refpiration is always mixed 
with a fmall quantity of vital air and carbonick acid, which must 
be removed in order to have the nitrogene gas, in a (fate of 
purity. There are feveral methods which may be ufed to obtain 
nitrogene gas, in a very pure ftate. 

i. Scheele has taught us, that by expofing fulphure of alkali 
or liver of fulphur, in a veilel filled with atmofpherical air, the 
vital air is abforbed j and, when the abforption is complete, the 
nitrogene gas remains pure. 

By expofing, in atmofpherick air over mercury, a mixture of 
iron and fulphur, kneaded together with water, Mr. Kirwan ob- 
tained nitrogene gas lo pure, that it fufFered no diminution by 
nitrous gas. He deprived it of all humidity, by fucceflively in r 
troducing dried blotting-paper into the veflel which contained it. 
Care mufl be taken to withdraw this air in time from the pafte 
which affords it ; otherwife it will be mixed wfth hydrogene 
or inflammable gas, which is afterwards difengaged. 2. When 
by any means, fuch as the oxidation of metals, the rancidity of 
oils, the combuftiOn of phofphorus, dec. the vital air of the at- 
mofphere is abforbed, the refidue is nitrogene gas. All thefe 
procefTes afford methods of greater or lefs accuracy to determine 
the proportions of vital air and nitrogene gas in the compofition 
of the atmofphere. 

3. This mephitis may likewife be procured by treating muf- 
cular flefh, or the well wafhed fibrous part of blood, with ni- 
trick acid in the hydro-pneumatick apparatus. But it muft be 
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carefully obferved that thefe animal matters ought to be frefh ; 
for, if they have begun to be changed by the putrid fermenta- 
tion, they afford carbonick acid mixed with hydrogene gas. 

A. This gas is improper for refpiration and combuftion. 

B. Plants live in this air, and freely vegetate in it. 

C. This gas mixes with the other airs, without combining 
with them. 

D. It is lighter than the atmofpherick air, the barometer 
{landing at 30.46, and Fahrenheit's thermometer at 60 : the 
weight of nitrogene gas is to that of common air as nine hun- 
dred and eighty-five to one thoufand. 

E. Mixed with vital air, in the proportion of 72 to 28, it 
conftitutes our atmcfpLcre. The other principles which anal- 
ysis exhibits in the atmofphere, are only accidental, and by no 
means neceflary. 



SECTION VI. 

Concerning the mixture of Nitrogene and Oxigene Gas ; or of Atmof- 
pherick Air. 

JL HE gafeous fubftances we have treated of feldom 
exift alone and infulated ; nature prefents them every where 
to our obfervation in a ftate of mixture or of combination. In 
the firft cafe thefe gales preferve the aeriform ftate ; in the 
fecond they for the mcrft. part form fixed and folid bodies. Na- 
ture, in its feveral decompofitions, reduces almoft the princi- 
ples of bodies into gas. Thefe new fubftances unite together, 
combine, and from thence refult compounds of confiderable 
fimplicity in their principles, but which become complicated 
by lubfequent mixtures and combinations. We may follow 
the operations of nature, ftep by ftep, without departing from 
the plan we have adopted. 

The mixture of about feventy-two parts of nitrogene gas, and 
twenty-eight of oxigene, form this fluid mafs in which wc 
live. Thefe two principles are fo well mixed, and each of them 
is fo neceflary to the fupport of the various functions of individu- 
als which live or vegetate upon the globe, that they have not yet 
been found feparate and alone. 

The proportion of thefe two gafes 13 fubjeel to variation in 
the mixture which forms the atmofphere ; but this difference 
depends only upon local caufes ; and the mod ufual propor- 
jon is jhat which we have here mentioned. 
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The chara&eriflick properties of vital air are modified by 
thole of nitrcgene gas, and thefe modifications even feem tQ 
be neceifary : for if we were to refpire vital air in its (late of 
purity it would quickly confume our life ; and this virgin air is 
no more fuitable to our exiflence than diftilled water. Nature 
4°es not appear to have defigned us for the ufe of thefe prin- 
ciples in their greatelt degree of perfection. 

The atmofpherick air is elevated feveraj leagues above our 
heads, and fills the deepeft fubterraneous cavities. It is in- 
vifible, infipid, inodorous, ponderous, elaftick, &c. It was the 
only gafeous fubftance known before the prefent epocha of 
chemiitry •, and the infinite gradations of all the invifible fluids 
•which presented themfelves fo frequently to the obfervation 
of philofophers, were always attributed to modifications of the 
air. Almoft the whole of what has been written upon the air 
relates only to its phyfical properties. We fliall confine our- 
felves to point out the chief of thefe. 

A. Air is a fluid of extreme rarefaction, obedient to the 
fmalleft motion •, the flighted percuffton deranges it i and its 
equilibrium, which is continually deftroyed, is continually en- \ 
deavouring to reftore itfelf. 

Though very fluid, it paries with difficulty through orifices 
by means of which grofler liquids can eafily penetrate. This 
has caufed philofophers to fuppofe that its parts were of a 
branched form.* 

B. The atmofpherick air is invjfible. It refracts the rays of 
li^ht without reflecting them : for it is without fufficient proofs 
that fome philofophers have imagined that large mafles of this 
fluid are of a blue colour. 

It appears that the air is inodorous itfelf ; though it is the 
vehicle of odorant particles. 

It may be confidered as infipid ; and when its contact affects 
us varioufly, we ought to attribute \\ to its phyfical qualities.^ 

C. It was not until the middle of the laft century that its 
weight was afcertained by accurate experiments. The impof- 
fibility of fupporting water in a tube open at the bottom, to a 
Greater height than thirty-two feet, caufed Torricellius to faC- 
pe£l that an external caufe fppported the liquid at that height, 
and that it was not the horrour of a vacuum which precipitated 
the water in the barrels of pumps. This celebrated philofopher 
filled a tube clofed at one of its extremities with mercury : h? 

* This is a deception. It is true that the cohefive attraction rcnders.it 
difficult to dilplace any denfe fluid from a Capillary tube by the intrufion of 
air ; i>ut every experiment oi the air pump, the condcufor, ' and the barora- 
tter, lliows with what facility the ah pafles through the lruallcft erifices. T. 
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rcvcrfed this into a veflel filled with the fame metal ; and obferv- 
ed that the mercury, after feveral ofcillations, conftantly fubfid- 
ed to the height of twenty-eight inches. He immediately faw 
that the difference of elevations correfponded with the relative 
weights of thefe two fluids, which are in the proportion of four- 
teen to one. The immortal Pafchal proved, fome time after- 
wards, that liquids were fupported at this elevation by a column 
©f atmofpherical air ; and he afcertained that (heir height va- 
ries according to the length of the column which prefles upon 
ihem. 

D. The elafticity of the air is one of the properties upon which 
natural philofophers have made the greateft number of experi- 
ments •, and it has even been applied to confiderable advantage 
in the arts. 



SECTION VII. 

Concerning the Combination of Oxigenous Gas and Hydrogene, whielt 
forms Water. 

W ATER has been long confidered as an elementary 
principle ; and when accurate experiments had compelled chem- 
ilrs to clafs it among compound fubftances ; a refill r.nce and 
oppofition were made to it, which were not manifefted when 
the air, the earth, and the other ir.atters reputed to be elementa- 
ry, were fubjetfled to fimilar revolutions. It feems to me how- 
ever, that this analyfis is equally ftri£r. with that of air. Water 
is decompofed by feveral procefTes j it is formed by the com- 
bination of oxigene and hydrogene : and we find that all the 
phenomena of nature and art confpire to prove the fame truth; 
What more can be required to afford an abfolute certainty re- 
fpecling any pbyfical fact ? 

Water is contained in bodies in a greater or lefs quantity, and 
may be confidered in two dates : it is either in the (late of fim- 
ple mixture, or in a fta^e of combination. In the firlt cafe, it 
renders bodies humid, is perceptible to the ey^, and may be dif- 
eugaged with the greateft facility. In the fecond, it exhibits 
no character which (hows that it is in a ftate of mixture. It 
exifts in this form in cryftals, falts, plants, animals, &c. ft is 
this water which the celebrated Bernard has called Generative 
Water; and of which he has made a fifth element, to diftii> 
{-•'ifh it from exhalative water. 



1 1 2 General Properties of Water. 

Water, exiting in a Rate of combination in bodies, concur* 
in imparting to them hardnefs ami tranfparency. Salts, and 
moft ftony cryftals, lofe their transparency when they are de- 
prived of their water of cryflallization. 

Some bodies are indebted to water for their fixity. The acids, 
for example, acquire fixity only by combining with water. 

Under thefe various points of view, water may be confider- 
ed as the general cedent of nature. The (tones and falls 
which are deprived of it, become pulverulent ; and water fa- 
cilitates the coagulation, re-union, and confidence of the parti- 
cles of ftones, falts, &c. as we fhall fee in the operations per- 
formed with plafters, lutes, mortar, &c. 

Water, when difengaged from its combinations, and in a 
Mate of abfolute liberty, is one of the moft confiderable agents 
in the operations of this globe. It bears a part in the forma- 
tion and decompofition of all the bodies of the mineral king- 
dom : it is necefTary to vegetation, and to the free exercife of 
moft of the functions of animal bodies ; and it haftens and 
facilitates the deftruction of thefe bodies as foon as they are 
deprived of the principle of life. 

For a certain time water was thought to be a fluid earth. 
The diftillation, trituration, and putrefaction of water, which 
always left an earthy refidue, afforded credit to an opinion 
that it was converted into earth. On this fubject, the works 
of Wallerius and Margraff may be confulted : but Mr. Lavoi- 
fier has fliewn that this earth arifes from the wear of the vef- 
fels ; and the celebrated Scheele has proved the identity of the 
nature of this earth with that of the glafs veffels in which the 
operations were made. So that the opinions of the philofoph- 
ical world are at prefent decided in this refpecl. 

In order to obtain accurate ideas of a fubftance fo necefTary 
to be known, we will confider water under its three different 
ftates, of folidity, fluidity, and gas. 



ARTICLE I. 

Concerning Water in the State of Ice. 

Ice is the natural ftate of water whenever it is deprived of a 
portion of that calorick with which it is combined when it ap- 
pears in the form of a liquid cr gas. 

The converfion into ice is attended with feveral phenomena 
which fddom vary. 

A. The iirftof all, and at the fame time the moft extraor- 
dinary, is a feniible production of heat at the moment in which 
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iter pades to the folid (late. The experiments of MeiTrs. 
Fahrenheit, Triewald, Baume, De Ratte, leave no doubt on this 
luhjeft > fo tnat tne water is colder at the inflant of congela- 
tion than the ice itfelf. 

A flight agitation of the fluid facilitates its converfion into ice 
nearly in the fame manner as the flightelt motion very fre- 
quently determines the cryftallization of certain falts. This 
arifes, perhaps, from the circumftance, that by this means the 
calorick, which is interpofed between, the particles, and may 
oppofc itfelf to the production of the phenomena, may be ex- 
prefled or difengaged. In proof of this opinion, it is feen that 
the thermometer rifes at the very fame inftant, according to 
Fahrenheit. 

B. Frozen water occupies a larger fpace than fluid water : 
we are indebted to the Academy del Cimento for the proofs of 
this truth. In their experiments, bomb ihells, and the (trong- 
eft veflels, being filled with water, were burfh into pieces by 
the congelation of this fluid. The trunks of trees are fplit 
and divided with a loud noife, as foon as the fap freezes ; and 
fo likewife (tones are broken in pieces the moment the water 
with which they are impregnated pafles to the ftate of ice." 

C. Ice appears to be nothing more than a confufed cryftal- 
lization. Mr. De Mairan obferved that the needle-formed 
crvftals of ice unite in an angle of either fixty or one hundred 
and twenty degrees. 

Mr. Pelletier obferved, in a piece of fiftulous ice, cryftals ia 
the form of flattened triangular prifms, terminated by two di- 
hedral fummite. 

Mr. Sa;;e obferves, that if a piece of ice, which contains 
water in its internal parts, be broken, the water runs out, 
and the internal cavity is found to be lined with beautiful 
tetrahedral prifms, terminated in four-fided prifms. Thefe 
prifms are often articulated and eroded. Vide M. Sage, Anales 
de Chimie, torn. i. p. 77. 

Mr. Macquart has obferved, that when it fnows at Mofcow, 
and the atmofphere is not too dry, the air is obferved to be 
loaded with beautiful cryftallizations regularly flattened and 
as thin as a leaf of paper. They confifl of an union of fibres 
which lhoot from the fame centre to form fix principal rays ; 
and thefe rays divide themfelves into fmall blades extremely 
brilliant : he obferved feveral of thefe flattened radii which 
were ten lines in diameter. 

D. When water pafles from the folid to the liquid (late, it 
produces cold by the abforption of a portion of heat, as is con- 
firmed by the fir.e experiments of "Wikke. This production 
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of cold by the fufion of ice, is like wife proved by the practice 
of the confectioners, who fufe certain falts with ice, in order to- 
produce a degree of cold below o. 

Ice is found in many places in great mafles, known by the 
name of Glacieres : certain mountains are conftantly covered 
with them, and the fouthern ocean abounds with them. The 
ice formed by fait water affords frefh water when melted ; and 
in feveral northern provinces water is faid to be concentrated 
by frolf, to collect the fait in holes in folution. I have likewife 
obferved, that feveral metallick falts are precipitated by expofing 
their iolutions to a temperature fufficient to freeze them. The 
ice which was formed did not poflefs the characters of the fait 
which had been diiTolved. 

Hail and fnow are nothing but modifications of ice. We 
may confider hail as produced by the fudden difengagement of 
the elaftick fluid, which concurs in rendering, water liquid : it 
is almoft always accompanied with thunder. The experiments 
of Mr. Quinquet have confirmed this theory. — I will here re- 
late a fact to which I myfeif was witnefs, at Montpelier, and of 
which philofophers may advantageoufly avail themfelves. On 
the 29th of October, 1 786, four inches of water fell at Montpe- 
lier ; a violent explcficn of thunder, which was heard about 
four in the evening, and which appeared to be very near, cauf- 
ed a mofc dreadful (bower of hail. At this inftant a druggill, 
who was employed in his cellar in- preventing the mifchief oc- 
casioned by the nitration of water through the wall, was highly 
aftonifhed to behold that the water which came through the wall 
was inftantly changed into ice. He called in feveral neighbours 
to partake of his furprize. I yifited the place a quarter of an 
hour afterwards and found ten pounds of ice at the foot of the 
wall ; I was well allured that it could not have palTed through 
the wall, which did not exhibit any crack, but appeared to be in 
very pood condition. Did the fame caufe, which determined 
the formation of hail in the atmofphere, aft equally in this cel- 
lar ? I rc late the fa£t only, and forbear to make any conjecture: 

upon it. 

ARTICLE II. 

Concerning Water in the Liquid State. 

The natural ftate of water appears to be that of ice : but its, 
mod ufual ftate is that of fluidity ; and under this form it pof- 
felTes certain general properties which we fhall proceed to de- 
fcribe. 
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The experiments of the Academy del Cimento have caufed 
Ae philosophical word to deny the lead elaiticity to water, be- 
caufe it efcaped through the pores of bails of metal ftrongly com- 
preiTed, rather than yieW to preilure. But Mefirs. Zimmerman, 
and the abbe Mongez, have endeavoured to prove its elafticity 
from the very experiments upon which the contrary opinion has 
been built*. 

The liquid ftate renders the force of aggregation in water lefs 
powerful, and it enters into combination more readily in this 
form. Water which flows on the furface of our globe is never 
pure. Rain-water is feldom exempt fromYome mixture, asap- 
pears from the fine feries of experiments of the celebrated Mar- 
graff. I have afecrtained at Montpelier, that rain-water in 
itorms is more impure than that of a gentle fhower — that the 
water which falls firft is lefs pure than that which falls after 
feveral hours or feveral days rain — that the water which falls 
when the wind blows from the fea to the fouthward, contains 
fea-falt •, whereas that which is produced by a northerly wind, 
does not contain a particle. 

Hippocrates has made feveral very important obfervations re- 
flecting the various qualities of water, relative to the nature of 
the foil, the temperature of the climate, &c. 

As it is of importance to the chemift to have very pure water 
for feveral delicate operations, it is neceffary to point out the 
means which may be ufed to carry any water whatever to this 
degree of purity. 

Water is purified by diftillaticn. This operation is perform- 
ed in veffels called Alembicks. The Alembick is compofed o'F 
two pieces ; a boiler or cucurbit, and a covering, called the capi- 
tal or head. 

The water is put into the cucurbit, from which it is raifed in 
vapours by means of fire, and thele vapours are condenfed by 
cooling the head with cold water. The condenfed vapours flow 
into a veffel defigned to receive them. This is called Diftilled 
Water ; and is pure, beeaufe it has left behind it in the cucur- 
bit the falts and other fixed principles which altered its purity. 

Diftillation is more fpeedy and quick, in proportion as the 
pcdTure of the air is lefs upon the furf.ice of the ftagnant fluid. 

* The experiments (if Canton, to prove the coirprcflV.iliity of water, ar*- 
well known, and may be fecn in the Philosophical I ranfacli;>n;. He inclofed 
water in (pin : ireflcls, from which a narrow neck p»o< eecied like that 

of a thermometer: the water w«s found to occupy a larger i'pace when the 
prefiure of the atmofphere wan removed by the air-pump, and a lefs 
»hcn .1 greater prefiure was added by the COtuknfor. T. 
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Mr. Lavoifier diftilled mercury in vacuo ; and the abbe Rochoa 
has made a happy application of thefe principles to diftiilation. 
It is to this fame principle that we mult refer the obfervations 
of almoft all naturalifts and philofophers, who have remarked 
that the ebullition in the liquid becomes, more eafy, in proportion 
as we afcend a mountain from any other elevation : and it is in 
confequence of -thefe principles, that Mr. Ac-hard conftrufted 
an inftrument to determine the heights of mountains, by the 
degrees of temperature of the ebullition of boiling water. 

The abbe Mongez, and Mr. Lamanow, obferved that ether 
evaporates with prodigious facility upon the peak of Tenenffe ; 
and Mr. De Sauflur© has confirmed thefe experiments on the 
mountains of Switzerland. 

A true diftiilation is carried on every where at the furface of 
our globe. The heat of the fun raifes water in the form of va- 
pours ; thefe remain a certain time in the atmofphere, and nf- 
warc's fall in the form of dew, by fimpie refrigeration. This rife 
and fall of humidity, which fucceed each other, wafh and purge 
the atmofphere of 'all thofe particles, which by their corruption 
or developement might render it infectious \ and it is perhaps 
this combination of various miafmata with water which renders 
the evening dew fo unwholefome. 

It is to a fimilar natural diftiilation that we ought to refer the 
alternate tranfition of water from the liquid ftate to that of va- 
pour, which forms clouds, and by this means conveys the water 
irom the fea to the fummits of mountains, from which it is 
precipitated in torrents, to return again to the common recepta- 
cle. 

We find traces of the diftiilation of water in the moft remote 
ages. The firft navigators in the iflands of the Archipelago fill- 
ed their pots with fait water, and received the vapour in fpunges 
placed over them. The procefs of diddling the water of the 
lea has been fucceffively brought to perfection ; and Mr Poif- 
fonnier, has exhibited a very well conflructed apparatus to pro- 
cure frefh water at all times in abundance. 

Pure water requires to be agitated, and combined with the 
air of the atmofphere, to render it wholefome. Hence, no 
doubt it is, that water immediately produced by melting fnow, 
is unfit to drink. 

The characters of potable water are the following : 
I. A lively, frefh, and agreeable tafte. 

1. The property of boiling readily, and alfo that of boiling 
peafe and other pulfe. 

3. The virtus of diflblving foap without curdling. 
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ARTICLE III. 

Concerning Water in the State of Gas 

Many fubflances are naturally in the (late of att aeriform 
fluid, at the degree of the temperature of our atmofphere ; fuch, 
for example, are the carbonick acid ; and the oxigenous, the 
hydrogenous, and the nitrogenous gafes. 

Other fubflances evaporate at a degree of heat very near that 
in which we live. Ether and alcohol are in this fituation. 
The firit of thefe liquors panes to the ftate of gas at the tem- 
perature of 35 degrees ; the fecond at that of 80 (of Reaumur). 

Some fluids require a ftronger heat for this purpofe j fuch 
as water, the fulphurick and nitrick acids, oil, &c. 

To convert water into an aeriform fluid, Meffrs.De la Place and 
Jjavoiiier filled a glafs vefiel with mercury, and reverfed it over 
a difii filled with the fame metal. Two ounces of water were 
transferred beneath this vefiel ; and the mercury was heated 
to the temperature of between ninety-five and a hundred of 
Reaumur, by plunging it in a boiler filled with the mother 
water of nitre. The included water became rarefied, and oc- 
cupied the whole capacity. 

Water by paffing through earthen veffels ignited in the fire 
becomes converted into gas, according to Prieftley and Kirwan. 
The seolipile, the fleam-engine, the digefter of Papin, and the 
procefs of the glafs-blowers, who blow large globes by injecting^ 
a mouthful of water through their iron tube, prove the con- 
version of water into gas. 

It follows frcm thefe principles, that the \'olatilization of wa- 
ter being nothing more than a direct combination of calorick 
with this liquid, the portions of which are the moft immediate- 
ly expofed to heat, muft be the firft volatilized : and this is 
daily obfcrved ; for it is continually feeh that ebullition begins at 
the part moft heated. But when the heat is applied equally at 
all parts, the ebullition is general. 

Several phenomena have led us to believe that water may be 
converted into air. The procefs of the glafs-blowers to blow 
large fpheres ; the hydraulick organ ol father Kircher ; the 
phenomena of the seoiipile ; the experiments of Meflrs. Prieft- 
ley and Kirwan ; the manner ofaflifting combuftion, by fprink- 
ling a fmall quantity of water upon the coals — all thefe circum- 
ftances appeared to announce the converfion of water into air. 
But it was far from being fuppofed that moft of thefe phe- 
nomena were produced by th? decomposition oPthis fluid ; and 
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the genius of Mr. Lavoifier was neceflary to carry this point cC 
■doctrine to the degree of certainty and precifion, which in my 
opinion it now appears to poffefs. 

Meffrs. Macquer and De la Metherie had already obferved, 
that the combuttion of inflammable air produced much water. 
Mr. Cavendifh confirmed thefe experiments in England, by the 
rapid ccmbuflion of inflammable air and vital air. But MeiTrs. 
Lavoifier, De la Place, Monge, and Meufnier, have proved that 
the whole mafs of the water might be converted into hydro- 
gene and oxigene ; and that the combuftion of thefe two 
gafes produce a volume of water proportioned to the weight of 
the two principles employed in this experiment. 

i. If a Imall glafs veflel be inverted over mercury, and a 
known quantity of diftilled water and filings of ir#n be put 
into the upper part of tfTis vefTe], inflammable air will be grad- 
ually difengaged, the iron will ruft, and the water which moiit- 
ens it will diminith, and at length difappear ; the weight of 
the inflammable air which is produced, and the augmentation 
in weight of the iron, will be equivalent to the weight of the 
water made ufe of. It appears therefore to be proved, that the 
water is reduced into two principles, the one of which is in- 
flammable air, and the other is the principle which has enter- 
ed into combination with the metal.. Now we know that the 
oxidation or calcination of metals is owing to vital air-, and 
confequently the two fubftances produced, namely, the vital air 
and inflammable air, arife from the decompofition of water. 

2. When water is converted into the ftate of vapour, in its 
paflage through an ignited iron tube, the iron becomes oxided, 
and hydrogene is obtained in the ftate of gas. The augmenta- 
tion cf weight in the metal, and the weight of the hydrogene ob- 
tained, form precifely a fum equal to that of the water employed. 

The experiment made at Paris, in the prefence of a numer- 
ous commifiion of the Academy, appears to me to leave no fur- 
ther doubt concerning the decompofition of water. 

A gun-baml was taken, into which a quantity of thick iron 
wire, flattened by hammering, was introduced. The iron and 
the gun-barrel were weighed : the gun-barrel was then covered 
with a lute proper to defend it from the contact of the air ; it 
was afterv/ards placed in a furnace, and inclined in fuch a man- 
ner as that water might run through it. At its molt eievated 
extremity was fixed a funnel defigned to contain water, and to 
]<it it pafs drop by drop by means of a cock : this funnel was 
clofed, to avoid a!l evaporation of the water. At the other ex- 
tremity of the gun-barrel was placed a tubulated receiver, in- 
tended to receive the water which might pafs without decompo- 
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fTtion ; and to the tubulure of the receiver the pneumato-chem- 
ical apparatus was adapted. For greater precaution, a vacuum 
was made in the whole apparatus before the operation began. 
Laftly, as foon a? the gun-barrel was red-hot, the water was in- 
troduced drop by drop. Much hydrogenous gas was obtained : 
and at the end of the experiment the gun-barrel was found to 
have acquired weight ; and the flat pieces of iron included 
within were converted into a ftratum of black oxide of iron, or 
Ethiops martial, cryflallized like the iron ore of the ifland of El- 
ba. It was afcertained that the iron was in the fame ftate as- 
that which is burned in oxigenous gas ; and the increafed 
weight of the iron, added to that of the hydrogene, was accu- 
rately equal to that of the water employed. 

The hydrogenous gas obtained was burned with a quantity of 
vital air equal to that which had been retained by the iron, and 
the fix ounces of water were recompofed. 

3. Meffrs. Lavoifier and De la Place, by burning in a proper 
apparatus a mixture of fourteen parts of hydrogenous gas, and 
eighty-fix of oxigene, obtained a proportionate quantity of water, 
Mr. Monge obtained the fame refult at Mezieres, at the fame 
time. 

The mod conclufive and the moft authcntick experiment 
which was made upon the compofition or fynthefis of water, is 
that which was begun on the 23d of May, and ended on the 
7th of June, 1788, at the Royal College, by Mr. Lefevre de 
Gineau. 

The volume of oxigenous gas confumed, when reduced to 
the preflure of twenty-eight inches of mercury, at the tempera- 
ture of ten degrees of the thermometer of Reaumur, was 35085 
(French) cubick inches, and its weight 250 gros 10,5 grains. 

The volume of hydrogenous gas was 74967,4 cubick inches,, 
and the weight 66 gros 4,3 grains. 

The nitrogenous gas and the carbonick acid which were mix- 
ed with thefe gafes, and which had been extracted out of the re- 
ceiver at nine feveral times, weighed 39,23 grains. 

The oxigenous gas contained T \ of its weight of carbonick 
acid ; fo that the weight of thefe gafes burned Mas 280 gros 
63,8 grains, which makes 2 pounds 3 ounces o gros 63,8 grains. 

The velTels were opened in the prefence of the gentlemen of 
the Academy of Sciences, and feveral other learned men, aad 
■were fourjd to contain 2 pounds 3 ounces o gros 33 grains of 
water: this weight an fevers to that of the gafes made ufe of, 
wanting 31 grains; this deficiency may arife from the caiorick 
which held the gafes in folution being difiipated when thev be- 
came fixed, which inuft neceflarily have occafioned a lol's. 
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The water was fubacid to the tade, and afforded 27] grains 
of nitrick acid, which acid is produced by the combination of 
the nitrogene and oxigene gufes. 
, From the experiment of the decompofition of water, lot 
parts of this fluid contained 

Oxigene 84,2636 — 84I 

Hydrogene 15,7364 = 15.' 
According to the experiment of its competition, 100 parts of 
Water contained 

Oxigene 84,8 = 84^ 

Hydrogene 15,2 «= I5f 

Independent of thefe experiments of analyfis and fynthefis, 
the phenomena exhibited by water, in its feveral dates, confirm 
our ideas with regard to the condiment parts which we acknowl- 
edge it to pofiefs. The oxidation of metals in the interiour 
parts of the earth, at a didance from the atmofpherical air, the 
efflortifeence of pyrites, and the formation of ochres, are phe- 
nomena which cannot be explained without the aflidance of 
this theory. 

Water being compofed of two known principles, mud a£t 
like all other compound bodies which we know ; that is, ac- 
cording to the affinities of its condiment parts. It mud there- 
fore in fome indances yield its hydrogene, and in others its oxi- 
gene. 

If it be placed in contact with bodies which have the dronged 
affinity with oxigene, fuch as the metals, oils, charcoal, &c. the 
oxigenous principle will unite with thefe fubdances ; and the 
hydrogene, being fet at liberty, will be diflipated. This happens 
when hydrogene gas is difengaged, by caufing the acids to act 
upon certain metals ; or when red-hot iron is plunged in water, 
as Meflrs. Haflenfratz, Stoulfz, and D'Hellancourt have ob- 
ferved. 

In vegetables, on the contrary, it feems that the hydrogene is 
tlie principle which fixes itfelf ; while the oxigene is eafilydif- 
engaged, and makes its efcape. 



SECTION VIII. 

Concerning the Combinations of Nitrogene Gas. _ 1. With Hydrogene 
Gas. 2. With the Earthy principles forming the AikaJis. 

XT appears to be proved, that the combination of ni- 
trogene gas with hydrogene forms cne of the fubdances com- 
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prized in the clafs of alkalis. It is very probable that the others 
are compofed of this fame gas and an earthy balls. It is from 
thefe confiderations that we have thought proper to place thole 
fubftances here : and we have adopted that decifion with lo 
much the more foundation, becaufe the knowledge of alkalis is 
indifpeufably nsceflary to enable us to proceed with order in a 
courle of chemiftry ; and becaufe thefe ve-agents are mod fre- 
quently employed, and their combinations and ufes prefent them- 
felvcs at every ftep in the phenomena of nature and art. 

It is an eftablifhed convention to call every fubflance an Al- 
kali, which is chara&erifed by the following properties : 

A. An acrid, burning, urinous tafte. 

B. ITie property of converting fyrup of violets green ; but 
not the tincture of turnfole, as certain authors announce. 

C. The virtue of forming glafs, when fufed with quartzofe 
fubftances. 

D. The faculty of rendering oils mifcible with water ; of 
effervefcing with certain acids ; and of forming neutral falts with 
all of them. 

I muft obferve that none of thefe characters is rigorous and 
exclufive ; and that confequently no one of them is fufficient 
to afford a certainty of the exiftence of an alkali : but the re- 
union of feveral, form, by their concurrence, a mafs of proofs or 
indications, which lead us to fufficient evidence. 

The alkalis are divided into fixed alkalis, and volatile alkalis. 
This diftinclion is eftablifhed upon the fmell of thefe fubftan- 
ces : the former are not volatilized, even in the focus of the 
burning mirror, and emit no characteriftick fmell-; whereas the 
latter are eafily reduced intovapour, and emit a very penetra- 
ting odour. 



CHAPTER I. 



Concerning Fixed dlkalis- 

NO more than two kinds of fixed alkalis have hitherto been 
difecvered : the one which is called Vegetable Alkali, or Pot- 
ato ; the other Mineral Alkali, or Soda. 
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ARTICLE I. 

Concerning the Vegetable Alkali, or Pot-Afh. 

This alkali may be extra&ed from various fubftances ; atid* 
it is moreor lefs pure, according as it is afForded by one fub- 
ftancc or another. Several varieties are made in commerce, to- 
v.'hich different names have been affixed and which are indifpenfi- 
biy necefiary to be known. The chemiit may indeed confound 
all thefe uiftintuons, in his writings, under one fingle denomi- 
Snation : but the diftinc"tions eftablilhed by the artifts are found- 
ed upon a feries of experiments which have proved that the 
virtues cf thefe feveral alkalis are very different ; and this con-- 
ftant variety in their effects appear tome to juftify the various 
denominations affigned them. 

i. The alkali extracted from the lixivium of wood-afb.es, is 
known by the name of Safari. The falin calcined, and by this means 
difengaged from all the blackening principles, forms pot-afh. 

The afhes are more or lefs rich in alkali, according to the na- 
ture of the wood which affords them j in general, hard woods- 
contain the mod'. The aflics of beech afford from 1 1 to 1 3Tb. 
per quintal, according to the experiments which I have made 
in the large way, at St. Saveur ; thofe of box afforded from 12 
to 141b. The tables drawn up by the feveral adminiftrators of 
the gunpowder and faltpetre manufactories may be confulted, 
xefpeciing the quantity of alkali' afforded by the combuftion of 
feveral plants : they ui'ed 4001b. of each in their various experi- 
ments 

To extracl: this alkali, nothing more is neceffary than to- 
wafli the afhes, and to concentrate the diffolution in boilers of 
call iron. It is on account of the alkali that wood-afhes are 
employed in the lixiviums ufed by laundreffes or bleachers. 
The ufe of alkali, in this cafe, is to combine with the fat fub- 
ftances, and to render them foluble in water. 

Almofl all the pot-afh fold in commerce for the ufe of cair 
klafs-houfes, our foap-makers, our bleaching-grounds, &c. 
is fabricated in the north, where the abundance of wood admits 
of-its being applied to this fingle purpofe. We might eftabiifh 
works of this kind to fuificient advantage in the forefts of our 
kingdom. But there is more to be done than is generally fup- 
pofed, before the inhabitants of the mountains can be turned to- 
wards this fpecies of induftry. I have experienced this difficulty 
in the attempts and very confiderable Sacrifices which I have 
iiiade, tofecure this refource in the neighbourhood of Laigoual 
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?.nd Lefperou. Three accurate calculations which I have made* 
have neverthelefs proved that the pot-afh would coft only from 
15 to 1 7 livres the quintal, whereas we purchafc that from the 
north at 30 or 40 livres. 

2. The lees of wine is almoft totall-y converted into alkali by 
combuftion. This alkali is called Cetidr-es Gruvelees : it has almort 
always a greenilh colour. This alkali is confidered as very pure. 

3. The combuftion of tartar of wine likewife affords an alka- 
li of considerable purity. "It is ufually burned wrapped up in 
paper, in fmall packets, which are dipped in water, and after- 
wards expofed upon burning coals. In order to purify it, the 
refulue'of the combufcion is diflblved in water, the folution con- 
centrated by fire, the foreign falts feparated in proportion as they 
precipitate ; and a very pure alkali is at laft obtained, which is 
-known by the name of Salt of Tartar. 

To procure fait of tartar more fpeedily, as well as more eco- 
nomically, I burn a mixture of equal partsof -nitrate of pot-afk 
or common nitre and tartar. The refldue, after lixiviation, af- 
fords a beautiful fait of tartar. 

Salt of tartar is the alkali mod commonly employed in med- 
ical ufes ; it is given in the dofe of feveral grains. 

4. If faltpetre be fufed upon charcoal, the acid Is decompo- 
sed and diffipated, while the alkali remains alone and difen- 
gaged ; this is called Extemporaneous Alkali. 

When the vegetable alkali has been brought to the greatefh 
ftate of purity, it attracts the humidity of the air, and is refol- 
ded ino a liquor. In this ftate it is known by the very improp- 
er name of Oil of Tartar per Deliquium. 



ARTICLE H. 

Concerning the Mineral Alkali, or Soda. 

The Mineral Alkali has been fo called, becaufe it forms the 
bafis of marine fait. 

It is obtained from marine plants by combuftion : for this 
purpofe heaps of the faline plants are formed ; and at the fide 
of thefe heaps a round cavity is dug, which is enlarged to- 
wards the bottom, and is three or four feet in depth ; this is 
the fire place in which the vegetables are burned. The com- 
buftion is kept up without interruption for feveral days ; and 
when all the plants are confumed, a mafs of alkaline fait is 
found remaining, which is cut into pieces, to facilitate its car- 
riage and fale. This is known by ths name of Rock Soda or 
Soda. 
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All marine plants do not afford foda of the fame quaKtjn 
The barilla of Spain affords the beautiful foda of Alicant. I 
am affured that we might cult:-. ate it upon our coafts in the 
Mediterranean, with the greateft fuccefs. This culture is 
highly interefting to the arts and commece ; and government 
ought to encourage this new fpecies of induftry. But an in- 
dividual, however inclined or devoted to the publick good, 
might make vain efforts to appropriate this commerce to our 
advantage, if he were riot powerfully afiifted by government ; 
becaufe the Spanifh ririniftry has prohibited the exportation of 
the feed of barilla, under the ftrongeft penalties. In Langue- 
doc and in Provence, we cultivate on the banks of our ponds 
a plant known by the name of Salicor, which affords foda of a 
good quality ; but the plants which grow without cultivation 
produce an inferiour fort. I have made an accurate analyfis of 
each fpecies, the refults of which may be feen at the article 
Verrerie of the Encyclopedie Methodique. 

The mineral alkali is cleared of all heterogeneous falts by 
diffoiving it in water, and feparating the feveral falts in pro- 
portion as they fall down. The laft portion of the fluid be- 
ing concentrated affords the foda, which cryitallizes in rhom- 
boidal octahedrons. 

The mineral alkali is fometimes found in a native ftate : in 
Egypt it is known by the name of Natron. The two lakes of 
Natron defcribed bySicard and Mr. Volney, are fituated in the 
defert of Chaiat, or St- Macaire, to the weft of Delta. Their 
bed is a natural cavity of three or four leagues in length, and 
a quarter of a league in breadth ; the bottom is folid and ftony. 
It is dry during nine months in the year ; but in winter a wa- 
ter of a violet -red colour oozes out of the earth, which fills the 
lake to five or fix feet in depth : the return of the heat of fum- 
mer evaporates this, and leaves a bed of fait behind it of two 
feet in thicknefs, which is dug out with bars of iron. The 
quantity obtained annually amounts to 36,000 quintals. 

Mr. Prouft found natron upon the ichifli which form the 
foundation of the town of Angers ; the fame chemift likewife 
found it upon a itone from the faltpetre of Paris. 

The mineral alkali differs from the vegetable, becaufe — I. It 
is lefs cauftick. 2. It is fo far from attracting humidity, that 
it efflorefces in the oir. 3. It cryitallizes in rhomboidal octa- 
hedrons. 4. It forms different products with the fame bafes. 
5. It is more proper for vitrification. 

Do the alkalis exift ready formed in vegetables, or are they 
the product, of the feveral operations made ufe of in extradl- 
£n^ them r — This queilion has divided the opinions of chem- 
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Ml. Du Hammel and GroSe proved, in 1732, the exist- 
ence of alkali in cream of tartar, by treating it with the nitrick, 
lulphurick, and other acids. Margraff has given additional 

f (roofs of this, in a Memoir which forms the twenty-fifth of 
lis collection. Rouelle read a Memoir to the academy on 
the 14th of June, 1769, upon the fame Subject : he even af- 
firms that he was accquaimed with this trtfth before the work 
of Margraff appeared. — See the Journal De Phytique, vol. i. 

Rouclie, and the marquis De Bullion, proved that tartar 
exilts in mutt. 

It muft not be concluded from the exiltence of an alkali in 
vegetables, that this fait is there found in a difengaged ftate. 
On the contrary, it is found combined with acids, oils, &c. 

Theaikalis, Such as we have defcribed them, even after they 
have been difengaged from every mixture, by folution, filtration 
and evaporation, are not nevertheless in that ftate of purity and 
difengagement, which isnecefTary to be obtained in many cafes: 
they are nearly in the ftate of neutral falts, by their combina- 
tion with the carbonick acid. When it is required to difen- 
gage this acid the alkali muft be diffolved in water, and quick 
lime then flacked in the folution. This fubftance fcizes the 
carbonick acid of the alkali, and gives out its calorick in ex- 
change. We ihall fpeak of the circumftances of this operation 
when we fhall have occafion to treat of lime. The alkali be- 
ing deprived of the carbonick acid, no longer eftervefces with 
other acids ; it is more cauftick, and more violent in its action ; 
unites more eafily to oils ; and is then called Cauitick Alkali, 
Pure Por-afh, or pure Soda. 

When this alkali is evaporated, and brought into the dry 
form, it is known by the name of Lapis Caulticus. The cor- 
roiive virtue of this* fubftance depends principally upon the 
avidity with which it feizes humidity, and falls into deliquium. 

The cauftick alkali, as it is ufually prepared, always con- 
tains a Small quantity of carbonick acid, hliceous earth, iron, 
lime, ore- Mr. Eerthcllet has propofed the following means of 
purifying «it: — He concentrates the cauftick lixivium until it 
has acquired a /light degree of ccnfiftence ; at which period 
he mixes it with alcohol, and draws oft" a portion by diftiliation. 
■ n as the retort is become cold, he finds it to contain 
cryftals, mixed with a blackifh earth, in a fmall quantity of 
liquor of a dark colour, which is Separated from the folution of 
alkali, in the alcohol, which fwims above like an oil. Thcfe 
cryftals confift of the alkali Saturated with the carbonick acid, 
re inSoluble in Spirit of wine ; the deposition confuls of 
Siliceous earth, lime, iron, J 
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The -can Prick alkali in a ftate of great purity, dhTolvetl in the 
alcohol, fwims above the aqueous folution which contains the 
eflervefcent alkali. If the fpirituous folution of alkali be con- 
centrated en the fond-bath, tranfparent cryftals are formed, 
•which confift of the pure alkali itfelf : thefe cryftals appear tc; 
be formed by quadrangular pyramids inferted one in another ; 
they are veiy deliquefcent, are foluble in water and in alcohol, 
and produce cold by their folution. — Seethe Journal de Phy- 
fique, 17.86, page 401. 

The alkalis we have juft fpoken of combine eafily with lul* 
phur„ 

This combination may be effected- — r. By the fufion of e- 
qual parts of alkali and fulphur. 2. By digefting the pure 
and liquid alkali upon fulphur — In thefe cafes the alkali be- 
comes of a reddifh yellow colour. 

The folutions of fulphur in alkali are known by the name of 
Livers of Sulphur, Sulphur-es of Alkali, &c. They emit an 
offenfive fmell refembling that of rotten eggs. This is occa- 
sioned by the^efcape of the .{linking gas, called Hepatick Gas- 

The fulphur may be precipitated by acids : and the refult of 
■this precipitation is what the ancient chemifts diftinguifhed by 
the name of Milk of Sulphur, and Magiftery of Sulphur. 

Theie fulphures or hepars diffoive metals. Gold itfelf may 
be fo divided by this means as to pafs through fdters. Stahl 
has fuppofed that Mofes made ufe of this method to enable the 
Israelites to drink the golden calf. 

Though the analyfis of the two alkalis has not been made 
withftriclnefs, feveral experiments lead us to believe that nitro- 
gene is one of their principles. Mr. Thouvenel, having expo- 
fed warned chalk to the exhalations of animal fubftances in pu- 
trefaction, obtained nitrate of pot-afh, or common nitre. I 
have repeated this experiment in a clofed chamber of fix feet 
fquare. Twenty-five pounds of chalk well wafhed in warm 
water, and expofed to the exhalation of bullock's blood in pu- 
trefaction during eleven months, afforded nine ounces of nitrate 
of lime, in a dried ftate ; and three ounces one gros of cryftals 
of nitrate of pot-afh, or common nitre. 

The repeated difti'Iation of foaps decompofes them, and af- 

Ls ammoniack. Now the analyfis of this laft, by Mr. Ber- 

thollet, proves the exiftence of nitrogenous gas as one of its 

conftituent parts. There is therefore room to apprehend that 

nitrogene gas is one of the principles of alkalis. 

The experiments of Mr. Thouvenel, as well as my own, 
lead to believe that this gas when combined with lime forms 
rcr-afh, or the vegetable alkali j while its union with magnefia 
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forms Soda. This laft opinion is fupported by the experi- 
ments— ri. Of Dehne, who obtained magnefia from foda, (fee 
Creli's Chemical Annals, 1781, page 53). 2. Of Mr. Deyeuv 
who obtained fimilar refults, even before Mr. Dehne. 3. Of 
Mr. Lorgna, who obtained much magnefia by diflblving, evap- 
orating, and calcining foda repeatedly, (Journal de Phyfique, 
1787). Mr Ofburgh confirmed thefe various experiments, in 
1785. 



CHAPTER II. 

Ccncembig Ammoniack, or the Volatile Alkali. 

OUR refearches have not hitherto exhibited more than ons 
fpecies of volatile alkali. Its formation appears to he owing 
to putrefaction •, and though the diftillation of fome fchifti af- 
fords it, yet this circumltance may be attributed to their origin, 
which is pretty generally afcribed to vegetable and animal de- 
compofition. We find frequently enough, in thcfe fubftances, 
the print of nfhes, which is in favour of this opinion. Some 
plants likewife afford volatile alkali ; for which reafon they have 
been called Animal Plants. But the volatile alkali is- more 
efpecially afforded by animal fubftances ; the diftillation of all 
their parts affords k in confiderable abundance. Horns are 
employed in preference, becaufe they are refolved almoft en- 
tirely into oil and volatile alkali. The putrefaction of all 
animal fubftances produces volatile alkali ; and in this cafe,, 
as well as in diftillation, it is formed by the combination of its 
two conftituent parts : for the analyfis very often fails in ex- 
hibiting any alkali ready formed, in fuch parts as diftillation 
or putrefaction would abundantly afford it from. 

Almoft all the volatile alkali made ufe of in commerce or 
medicine, is afforded by the decompofition offal ammoniack. Ic 
is even on account of this circum fiance, that the chemifts who 
have drawn up the New Nomenclature, have diftinguilhed the 
volatile alkali bv the name of Ammoniack. 

To obtain ammoniack in a ftatc of confiderable purity, equal 
parts, of lifted quick-lime and muriate of ammoniack, or com- 
mon LI ammoniack, in powder are mixed. This mixture is then 
introduced into a retort, to which a receiver and the apparatus 
of Woulfe have been adapted. A quantity of pure water is to 
be put into the bottles, correfpondent to the weight of the fait 
employed 5 and the junctures of the veflcis are mavie good 
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with the ufual lutes. Tlie cranio a the 

ftate of gas, at the firfl impreflion of the fire. It combines 
with the water with heat ; and when the wat-r of the fjrft bot- 
tle is faturated, the gas pafTes to that of the fecond, and fatu- 
rates it in its turn. 

Volatile alkali is known hy its very frrong but not difa^ree- 
able fmell. It is eafily reducible into the Hate of gas, and pre- 
ferves this form at the temperature of the atmofphere. This 
gas may be obtained by decompofing the muriate of ammoniack 
by quick-lime, and receiving the product over mercury. 

Alkaline gas kills animals and corrodes the (kin. The irrita- 
tion is fuch that I have feen pimples arife all over the bodies of 
fome birds expofed to its atmofphere. 

This gas is improper for combuftion ; but if a taper be 
gently immerfed in it, the flame is enlarged before it goes out, 
and the gas fuffers a decompofition. Alkaline gas is lighter 
than atmofpherick air ; and has even been mentioned, on ac- 
count of its lightnefs, as a proper fubftance to fill balloons. 
The count De Mille propofed to place a brazier, or vefTcl 
containing fire, under the balloon, to keep the gas in its grea-t- 
eft date of expanfibi'ity. 

The experiments of Dr. Prieftlcy, who changed alkaline gas 
Into hydrogene gas by means of the electrick fpark •, thofe of 
the chevalier Laudriani, who, by palling the fame gas through 
ignited glafs tubes, obtained a large quantity of hydrogenous 
gas — occafioned a fufpicion of the exiftence of hydrogene a- 
mong the principles of alkaline gas. But the experiments of 
Mr. Berthollet have removed all doubrs on this fubjeft ; and 
all obfervatio.is appear to unite in authorising us to confider 
this alkali as a compound of the nitrogenous and hydrogenous 
gafes. 

i. If the oxigenate ? muriatick acid be mixed with very pure 
ammoniack, an effervefcence takes place with a difengagement 
of nitrogenous gas, a production of water, and a converfion of 
the oxigenated acid into the ordinary muriatick acid. In this 
beautiful experiment, the water which is produced is formed by 
the combination of the hydrogene of the alkali and the oxigene 
of the acid j and the nitrogene gas being fet at liberty, is dif- 
fjpated. 

2. When the nitrate of ammoniack is expofed to diflillation, 
nitrogene gas is obtained, and a greater quantity of water is 
found in the receiver than the fait itfelf contained. After the 
operation, the ammoniack is found no longer to exift. The 
water of the receiver is flightly charged with a fmall quantity of 
nitrick acid, which had palled over. In this cafe, the hydrogene 
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of the alkali, and the oxigene of the acid form the water in the 
receiver, while the nitrogenous gas efcapes. 

If the oxides of copper or gold be heated with ammoniacal 
gas, the product is water and nitrogenous gas, and the metals 
are reduced. 

I have obferved that the oxides of arfenick, being digefted 
with ammoniack, are reduced, and often form octahedral crys- 
tals or arfenick. In this cafe there is a difengagement of nitre- 
gene gas, and a formation of water. 

It very often happens when metals, fuch as copper or tin, 
are diflblved by means of the nitrick acid, that an abforption 
of air takes place, inftead of a difengagement of nitrous gas, as 
might be expected : I have feen feveral perfons very much em- 
barrafled in fuch cafes, and I have often been fo myfelf. This 
phenomenon takes place more efpecially when a very concentra- 
ted acid is made ufe of, and the copper is in fine filings : in 
this cafe ammoniack is produced. I have (hewn this fact 10 
my auditors long before I was acquainted with the theory of its 
formation. That which led me to fufpect its exiftence, was 
the blue colour which the folution takes in this cafe. This 
ammoniack is produced by the combination of the hydrogene 
of the water with the nitrogene gas of the nitrick acid ; while 
the oxirene of the fame acid, and that of the water, oxided the 
metal, and prepared it for folution. It is to a fimilar caufe that 
we muft refer the experiment of Mr. John Michael HauiTman, 
of Colmar, who by paffing nitrous gas through a certain quan- 
tity of precipitate of iron, in the mercurial apparatus, obferved 
that this gas was fpeedily abforbed, and the colour of the iron 
changed ; at the fame time that vapour of ammoniack was 
found in the veffels. It is by a fimilar theory we may account for 
the formation of alkaline gas, by the mixture of hepatick gas and 
nitrous gas over mercury, as Mr. Kirwan obferves. 

Mr. Auilin formed ammoniack ; but he obferved that thecom- 
binationof nitrogenous gas with the bafe of hydrogene does not 
take place unlefs this laft is in a itate of great condenfation. 

The formation of ammoniack by diftillarion and putrefaction, 
appears to me likewife to indicate its condiment parts. In fact, 
there is in both thefe operations a difengagement of hydrogene 
and nitrogene gas, and their combination produces ammoniack. 

Mr. Berthollct has proved, by the way of decompofition, that 
one thoufand parts of ammoniack, by weight, are compoied of 
about eight hundred and feven of nitrogene gas, and one hun- 
dred and ninety-three of hydrogene gas. — See the collection of 
the Royal Academy, 1784, page 316. 

According to Dr. Auftin, the nitrogene gas is in proportion 
to the hvdrogene, as one hundred and twenty-one to thrvtv-two. 
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SECTION IX. 

Concerning the Combination of Oxigene with certain Bafes forming 

Acids. 

IT appears to be out of doubt, that the bodies which we 
are agreed to call Acids, are combinations of vital Air with a cer- 
tain elementary fubftance. The analyfis of almoft all the Acids, 
■whofe component parts are known, eftablihS.es this truth in a 
pofitive manner; and it is on account of this property that the 
denomination of Oxigenous Gas has been given to vital air. 

Every fubftance which poflefles the following properties is call- 
ed an Acid : 

A. The word four, which is ufually employed to denote the 
Jmpveihon or lively and fharp fenfation produced on the tortguc 
by certain bodies, may be regarded as fynonymous to the word 
acid. The only difference which may be eftablifhed between 
them is, that the one denotes a weak fenfation, whereas the 
other comprehends all the degrees of force from the leaft percep- 
tible tafte to the greateft degree of caufticity. We fay, for ex- 
ample, that verjuice, goofeberries, or lemons, are four ,• but we 
ufe the word acid to exprefs the impreffion which the nitrick, 
fulphurick, or muriatick acids make upon the tongue. 

The caufticity of acids appears to arife from their ftrong ten- 
dency lo combination ; and it is from this property that the 
immortal Newton has defined them to be bodies which attract 
and are attracted. 

It is likewife from this property that certain chemifts have 
fuppofed acids to be pointed bodies. 

On account likewife of this decided tendency to combination 
which acids po fiefs, it feldom happens that we find them in a 
difengaged flate. 

B. A fecond property of acids is that of changing certain blue 
vegetable colours into red, fuch as the colour of turnfole, fyr- 
up of violets, &c. Thefe two re-agents are commonly ufed 
to afcertain the prefence of acids. 

The tincture of turnfole is prepared by lightly infufing in 
water that fubftance which is known in common under the 
name of Turnfole or Litmus. If the water be too highly 
charged with the colouring matter, the infufion has a violet 
tinge, and muff, in that cafe be diluted with water until it be- 
comes blue. The tincture of turnfole, when expofed to the 
fun, becomes red, even in clofed veflels ; and fome time after- 
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wards the colouring part is difengagcd, and falls down in the 
form of a mucilaginous difcoloured fubflance. Alcohol may 
be ufed inftead of water in the preparation of this tincture. 

It is generally fuppofed that the turnfole fabricated in Hol- 
land is nothing more than the colouring matter extracted from 
the rags or cloth; of turnfole of Grand-Galargues, and precipi- 
tated on a marly earth. Thefe rags are prepared by impreg- 
nating them with the juice of nightfhade (morrelle), and ex- 
pofing them to the vapour of urine, which developes their blue 
colour. The rags are fent into Holland, which has given rife 
to the opinion that they are ufed in the fabrication of turnfole •, 
but fubfequent enquiries have taught me that thefe cloths are 
fent to the dealers in cheefe, who extract a colour by infufion 
and wafti their cheefes with it, to give them a red colour. I 
am convinced, by the analyfis of turnfole, that the colouring 
matter is of the fame nature as that of archil (orfeille) : and that 
this principle is fixed on a calcareous earth, and a fmall quan- 
tity of pot-afh. In confequence of this analyfis, I have endeav- 
oured to caufe the liken parelus of Auvergne to ferment with u- 
rine, lime and alkali, and I obtained a pafte fimilar to that of 
turnfole. The addition of alkali appears to me to be ne- 
cefTary to prevent the developement of the red colour, which 
when combined with the blue forms the violet of the archil. 

When any concentrated acid is to be tried with fyrup of 
violets, there are two particulars to be attended to. 1. The 
fyrup of violets is often green, becaufe the petal of the violet 
contains a yellow part at its bafe, which when combined with 
the blue, forms this green colour : it is therefore effential to 
employ only the blue of the petal in order to have a beautiful 
blue infuGon. 2. Care mud be taken to dilute the fyrup 
with a certain quantity 'of water; becaufe other wife concen* 
trated acids, fuch as the fulphurick, would burn it and form. 
a coal. 

The fimple infufion of violets may be ufed inftead of the 
fyrup. 

The colouring matter of indigo is not fenfible to the im- 
preffion of acids. The fulphurick acid diffolves it, without 
altering the colour. 

C. A third character of acids is, that they effervefce with 

alkalis; but this property is not general. 1. Becaufe the car- 

bonick acid, and almoft all weak acids, cannot be djitinguifhed 

by this property. 2. Becaufe the pureft alkalis combine with 

"acids, without motion or effervefcence. 

Is there not a fingle acid in nature, of which the other* 
«iay be only modifications ? 
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Paracelfus admitted an univerfal principle of acidity, which 
communicated tafte and folubility to all its compounds. 

Becher believed that this principle was compofed of water and 
verifiable earth. Stahl endeavoured to prove that thefulpurick 
acid was the univerfal acid and his opinion was adopted by molt 
chemifls for a long time. 

Long after the time of Stahl, Meyer maintained that the acid 
clement was contained in fire. This fyftera, which is founded 
on certain known facts, has had its fupporters. 

The chevalier Landriani imagined he had fucceeded in redu- 
cing all the acids to the carbonick acid ; becaufe by treating 
them all with different fubftances, he obtained this lafl as the 
conftant refult of his analyfis. He was led into an errour, for 
"want of having fufhciently attended to the decompofition of the 
acids he made ufe of, and the combination of their oxigene 
with the carbone of the bodies which entered into his experi- 
ments, and produced the carbonick acid. 

Laftly, the flrict analyfis and fynthefis of moll of the known 
acids, have proved to Mr. Lavoifier, that oxigene is the bafe of 
all of them ; and that their differences and varieties arife only 
from the fubltances with which this common principle is com- 
bined. 

Oxigene united with metals forms oxides ; and among 
thefe lafl there are fome which poffefs acid characters, and are 
clafTed among acid fubflances. 

Oxigene combined with inflammable fubflances, fuch as ful- 
phur, carbone, and oils, forms other acids. 

The action of acids upon bodies in general, cannot be under- 
ftood but by founding our explanations upon the data which 
we have eflablifhed refpecting the nature of their conflituent 
parts. 

The adhefion of oxigene to the bafe is more or lefs flrong 
in the feveral acids, and confequently their decompofition is 
more or lefs eafy -, as, for example, in rnetallick folutions, which 
do not take place excepting when the metal is in a ftate of an 
oxide. The acid which will yield its oxigene with the greatelt 
facility to oxide the metal, will have the mofl powerful action 
upon it. Hence it happens, that the nitrick and the nitro-mu- 
riatick acids are thofe which diffolve metals the mofl readily ; 
and hence likewife it happens that the muriatick acid diffolves 
the oxides more eafily than the metals, while the nitrick acid acts 
contrariwife : hence alfo it arifes that this lafl a£ls fo power- 
fully upon oils, &c. 

It is impoffible to conceive and explain the various phenom- 
ena prefented to us by acids in their operations, if we have no 
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idea of their conftituent principles. Stahl would not have be- 
lieved in the formation of fulphur, if he had underftood the 
decompofition of the fulphurick acid upon charcoal \ and if we 
except the combinations of acids with alkalis, and with certain 
earths, thefe fubftances are either totally or partially decompofed 
in all the operations made with them upon metals, vegetables, 
and animals, as we fliall find by obferving the feveral phenome- 
na exhibited in thefe cafes refpeclively. 

We fliall at prefent treat only of fome of the acids, and fhaH 
direct our attention to the others in proportion as we (hall have 
occafion to treat of the various fubftances which afford them ; 
jwe (hall attend in preference to thofe which are the befl known, 
"and which have the greateft influence in the operations of na- 
ture, as well as in thofe of our laboratories. 



CHAPTER I. 

Concerning the Carbonick Acid. 

THIS acid is almoft always obferved in the fiate of gas. We 
find that the ancients were in fome meafure acquainted with it. 
Van Helmont called it Gas Silveftre, the gas of muft, or of the 
vintage. Becher himfelf had a confiderable accurate notion of 
it, as appears by the following paflage : " Diftinguitur autem 
" inter fermentationem apertam et claufem ; in aperta potus 
" fermentatus fanior eft, fed fortior inxlaufa: caufa eft, quod 
" evaporantia rarefacla corpufcula, imprimis magna adhu fil- 
*« veftriumfpirituum copia, de quibus antea egimus, retineatur, 
" et in ipfum potum fe precipitet, unde valde eum fortem. 
« reddit." 

Hoffmann attributed the virtue of molt mineral waters to an 
elaftick fpirit contained in them. 

Mr. Venel, a celebrated profelfor in the fchools at Montpel- 
lier, proved in 1 750, that the waters of Seltzer owed their virtue 
to a fuperabundant portion of air. 

In 1755, £* r - ^lack of Edinburgh advanced that limeftone 
contains much air of a different nature from common air. He 
affirmed that the difengagement of this air converted it into lime, 
and that by the rcftoration of this air calcareous ftone was regen- 
erated. In the year 1 746, Dr. M'Bride.fupported this doctrine 
with new facts. Mr. Jacquin, profeffor of Vienna, refumed 
the fame purfiyt, multiplied experiments on the manner of ex- 
tracting this air, and added other proofs in confirmation that the 
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abfence of the air rendered alkalis cauftick, and formed lime. 
Dr. Prieftly exhibited all the perfpicuity and precifion on this 
fubjecl: which might be expected from his abilities, and his (kill 
in making experiments of this kind. This fubftance was then 
known by the name of Fixed Air. In 1772, Bcrgmann proved 
that it is an acid, which he called by the name of Aerial Acid. 
Since the time of this celebrated chemift, it has been diftin- 
guifhed by the names of Mephitick acid, Cretaceous acid, &c. : 
and as foon it was proved to confiit of a combination of oxigene 
and carbone, or pure charcoal, the name of carbonick acid was 
appropriated to it. 

The carbonick acid is found in three different ftates. I. In 
that of gas. 2. In a ftate of mixture. 3. In a ftate of combina- 
tion. 

It is found in the ftate of gas at the Grotto del Cano, near 
Naples •> at the well of Perois, near Montpellier ; in that of 
Negrae in Vivarais upon the furface of the lake Averno in Italy, 
■and on thofe of feveral fprings ; in various fubterraneous pla- 
ces, fuch as tombs, cellars, neceffaries, &c. It is difengaged 
in this form by the decompofition of vegetables heaped together, 
by the fermentation of wine or beer, by the putrefaftion of 
animal matters, &c 

It exifts in the Mate of fimple mixture in mineral waters, 
lince in thefe it poiTeffes all its acid properties. 

It exifts in a ftate of combination in ftone, common magnefia, 
alkalis, &c. 

Various procefies are employed to collect it, according to the 
{late in which it is found. 

I. When the carbonick acid exifts in the ftate of gas, it may 
be collected — 1. By filling a bottle with water, and emptying 
it into the atmofphere of this gas : the acid takes the place of 
the water, and the bottle is afterwards corked to retain it. 2. 
By expofing lime water, cauftick alkalis, or eveVi .pure water, in 
its atmofphere : the gafeous acid mixes or combines with thefe 
fubftances : and may be afterwards extracted by re-agents, 
which we {hall proceed to defcribe. 

II. When the carbonick acid exifts in a ftate of combination, 
it may be extraaed-— 1. By diftillation with a ftrong heat. 2. 
By the re-action of other acids, fuch as the fulphurick acid, 
which has the advantage of not being volatile, and confequent- 
ly is not altered by its mixtures with the carbonick acid which 
is difengaged. 

III. When the carbonick acid exifts in the ftate of fimple 
mixture, as in water, brifk wines, &c. it may be obtained — 1. 
By agitation of the liquid which contains it ; as Mr. Venei 
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p-aftifed, by making ufe of a bottle to which he adapted * 
moiftened bladder. 

2. By diftillation of the fame fluid. — Thefe two firft meth- 
ods are not accurate. 

# 3. The procefs indicated by Mr. Gioanetti, eonfifts in pre- 
cipitating the carbonick acid by means of lime-water, weighing 
the precipitate, and deducting thirteen thirty-fecond parts for 
the proportion of carbonick acid ; it having been deduced from 
analyfis, by this celebrated phyfician, that thirty-two parts of 
carbonate of lime contain feventeen lime, two water, and thir- 
teen acid. 

This fubftance is an acid, as is proved — 1. Becaufe tinclurc 
of turnfole, agitated in a bottle filled with this gas, becomes red. 
2. Ammoniack, or volatile alkali, poured into a vefTel filled with 
this gas, is neutralized. 3. Water impregnated with this gas 
is ftrongly fub-acid. 4. It neutralizes alkalis, and caufes them 
to cryftallize. 

It remains at prefent to examine the properties of this acid 1 
gas. 

A. It is unfit for refpiration. Hiftory informs us that two 
flaves whom Tiberius caufed to defcend into the Grotto del 
Cano, were immediately (tilled ; and two criminals that Peter 
de Toledo caufed to be (hut in there, fuffered the fame fate. 
The abbe Nollet, who had the courage to refpire the vapour, 
perceived a fuffocating fenfation, and a flight degree of acidity, 
which produced coughing and freezing. Pilatre de Rofier 
•who prefents himfelf to our notice on all occafions wherein 
danger was to be faced, caufed himfelf to be faftened by cords 
fixed under his arms, and defcended into the gafeous atmof- 
phere of a back of beer in fermentation. He had fcarcely en- 
tered into the mephitis before flight prickings obliged him to 
fhuthis eyes ; a violent fuffbeation prevented him from refpir- 
ing ; he felt a giddinefs, accompanied with thofe noifes which 
characterize the apoplexy : and when he was drawn up, his 
fight remained dim for feveral minutes ; the blood had filled the 
jugulars ; his countenance had become purple , and he neither 
heard nor fpoke but with great difficulty ; all thefe fymptoms, 
however, difappeared by degrees. 

It is this gas which produces the many unhappy accidents at 
the opening of cellars, in places where wine, cider, or beer are 
fuffered to ferment. Birds plunged into the carbonick acid gas, 
fuddenly perifh. The famous Lake of Averno, where Virgil 
placed the entrance of hell, exhales (o large a quantity of car- 
bonick acid, that birds cannot fly over it with impunity. When 
the waters of Poulidou of Perols are dry, fuch birds as attempt 
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to quench their thtrft in the clefts, are enveloped in the mephit-* 
ick vapour and die. 

Frogs, plunged in an atmofphere of carbonick acid, live from, 
forty to fixty minutes, by fufpendmg their refpiration. 

Infecls are rendered torpid after a certain time of remaining 
In this air ; but they refume their liveliness the moment they 
are expofed to the free air. 

Bergmann pretended that this acid fuffocates by extinguish- 
ing irritability : he founds his opinion upon the circumftance of 
his having taken out the heart of an animal which had died in 
the carbonick acid, before it was cold, and it exhibited no fign of 
irritability. The chevalier Landriani has proceeded itill further : 
for he affirms that this gas extinguishes irritability, even when 
applied to the flcin ; and has aflerted that, by tying a bladder full 
cf this gas to the neck of a fowl, in fuch a manner that the 
head only of the animal was in the open air, and the whole body 
enveloped in the bladder, the fowl immediately peri (bed. The 
abbe Fontana has repeated and varied this experiment on feveral 
animals, none of which died. 

The count Morrozzo pubiifhed experiments made in the pres- 
ence of Dr. Cigna ; the refuits of which appear to invalidate 
the confequences of the celebrated Bergmann : but it is to be 
obferved, that the chemift of Turin caufed his animals to die 
only in air vitiated by the death of another animal ; and that in 
this circumftance the nitrogene gas predominates. — See the 
Journal de Phyfique, torn. xxv. p. 112. 

B. The carbonick acid is improper for vegetation. Dr. 
Prieftley having kept the roots of feveral plants in water impreg- 
nated with the carbonick acid, obferved that they all periflied ; 
and in thofe inftances where plants are obferved to vegetate in 
water or in air which contains this gas, the quantity of gas is 
very fmall. 

Mr. Senebier has even obferved, that plants which are fuffer- 
cd to grow in water nightly acidulated with this gas emit a 
much larger quantity of oxigenous gas ; becaufe, in this 
cafe, the acid is decompofed, the carbonaceous principle 
combines and is fixed in the vegetable, while the oxigene is 
thrown off. 

I have obferved that thofe fungi which are formed in fubter- 
raneous places, are almoft totally refolved into carbonick acid', 
but if thefe vegetables be gradually expofed to the action of light, 
the proportion of acid diminifhss ; while that of the coaly 
principle augments, and the vegetable becomes coloured. I 
have purfued thefe experiments with the gveatelt care in a coal 
mine. 
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C. The carbonick acid is eafily diffolved in water. Water 
impregnated with this acid poflefles very valuable medicinal 
qualities ; and feveral apparatus have been fucceflively invented 
to facilitate this mixture. The apparatus of Nooth, improved 
by Parker and Magellan, is one of the moll ingenious. On. 
this fubjeel the Encyclopedic Methodique maybe confulted, ar- 
ticle Acide Mephitique. 

The natural acidulous mineral waters do not differ from, 
thefe, excepting in confequence of their holding other princi- 
ples in folution ; and they may be perfectly imitated when their 
analyfis is well known. It is abfurd to think that art is incapa- 
ble of imitating nature in the compofition of mineral waters. 
It mull be admitted that the proceffes of nature are abfolutely 
unknown to us, in all the operations which relate to life ; and 
we cannot natter ourfelves with the hope of imitating her in 
thefe circumdances. But when the quedion relates to an ope- 
ration purely mechanical, or confiding of the foluticn of certain 
known principles in water, we can and ought to perform it even 
dill better, as we have the power of varying the dofes, and pro- 
portioning the efficacy of any artificial mineral water to the 
purpofes to which it is intended to be applied. 

D. The carbonick acid gas is heavier than common air. The 
proportion between thefe two airs in weight, according to Mr. 
Kirwan, is 45,69 to 68,74. The proportion, according to the 
experiments of Mr. Lavoifier, is 48,81 to 69,50. 

This confiderable weight caufes it to occupy the lowed fitu- 
ations and even gives it the property of being poured out from 
one veffel to another, fo as to difplace the atmoipherick air. 
This truly curious phenomenon Was obferved by Mr. De Sauva- 
ges, as may be feen in his DifTertation upon air, which was 
crowned in Marfeilles, in 1750. 

It appears to be proved, by fufficient experiments, that the 
carbonick acid is a combination of carbone, or pure charcoal, 
and oxigene. 1. The oxides of mercury, when didilled, are 
reducible without addition, and afford only oxigenous gas ; but 
if a fmall quantity of charcoal be mixed with the oxide, the 
product which comes over confids of carbonick gas only, and 
the weight of the charcoal is diminifhed. 

2. If well-made charcoal be ignited, and plunged into a vef- 
fel filled with oxigenous gas, and the vefTel be indantly clofed, 
the charcoal burns rapidly, and at lad goes out : the product in 
this experiment is carbonick acid, which may be feparated by 
the known proceffes ; the remainder is a fmall quantity of oxi- 
genous gas, which may be converted into carbonick acid bv the 
fame treatment. 

S 
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In thefe experiments I fee nothing but charcoal and oxigenouo 
gas ; and the confluence deduced is fimple and natural. 

The proportion of charcoal is to that of oxigene as 12,0288 
1056,687. 

When the carbonick acid, in fome cafes, is obtained by burn- 
ing hydrogenous gas, it arifes from carbone held in folution in 
this gas. The carbone may even be diflblved in hydrogenous 
gas, by expofing it to the focus of the burning mirror in the 
mercurial apparatus, under a glafs veflel filled with this gas. 

The hydrogenous gas which is extracted from a mixture of fu*- 
phurick acid and iron, holds more or lefs of charcoal in folution j 
becaufe iron itfelf contains this fubftance in a greater or lefs 
quantity, as is afcertained by the fine experiments of Meffrs. 
Berthollet, Monge, and Vander Monde. 

The alkalis, fuch as we ufually meet with them, contain car- 
bonick acid ; and it is this acid which modifies them, and dimin- 
ifhes their energy, at the fame time that it communicates to them 
the property of efFervefcing. We may therefore confider alka- 
lis as carbonates with excels of alkali ; and it is eafy to faturatc 
this fuperabundant alkali, and to form true cryftallizable neivtn.4 
felts* 



ARTICLE t 

Carbonate of Pot-Afh. 

The carbonate of pot-afh was formerly diftinguifhed by tho 
name of Cretaceous Tartar. The method of caufing oil of tar- 
tar to cryftallize, has long been known. Bonhius and Montet 
have fucceflively fhewn thefe proceffes : but the fimpleft confift* 
in expofing an alkaline folution in an atmofphere of the acid 
gas which is difengaged in the vinous fermentation ; the alkali 
becomes faturated, and forms- tetrahedral prifmatick cryftals ter- 
minated by very fhort four-fided pyramids. 

I have feveral times obtained thofe cryftals in the form of 
quadrangular prifms, with their extremities cut off flantwife. 

This neutral fait no longer pofiefTes the urinous taite of the 
alkali, but exhibits the penetrating tafte of neutral falts, and 
may be employed in medicine with the greateft fuccefs. I have 
been a witnefs to its being taken in the dofe of one dram (grofs) 
without the leaft inconvenience. 

This fait pofiefTes an advantage beyond the fait of tartar, irf 
besing lefs caufiick, and always of the fame virtue. 
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It contains, according to the analyfis of Bergmann, twenty- 
parts acid, forty-eight alkali, and thirty-two water, in the quintal. 

It dees not attract, the humidity of the air. I have preferved 
fome of it for feveral years in a capfule, without any appearance 
.of alteration. 

The carbonate of pot-afti is decompofed by filexin a fuflicient 
heat, which occafions a confiderable boiling or ebullition. The 
rcfidue is glafs, in which the alkali is in the cauftick ftate. 
Lime decompofes the carbonate, by uniting to the acid ; and 
acids produce the fame effect, by combining with the alkaline 
bafes. 

ARTICLE If. 

Carbonate of Soda. 

The denominations of Aeriated Mineral Alkali, Cretaceous 
Soda, &c have been fuccefhvely given to this kind of carbonate. 

The mineral alkali, in its natural ftate, contains a greater 
quantity of carbonick acid than the vegetable ; and nothing more 
is neceffary than to diffolve it, and duly evaporate the water, in 
.order to obtain it in cryftals. 

Thefe cryftals are ufually rhomboidal octahedrons and fome- 
•times have the form of rhomboidal laminae, applied obliquely 
one upon the other, fo that they refemble tiles. 

This carbonate efflorefces in the air. 

One hundred parts contain fixteen parts acid, twenty .alkaK, 
and fixty-four water. 

The affinity of its bafis with (ilex is ftronger than that of the 
carbonate of pot-afh j in confequence of which, the vitrification 
it produces is more quick and eafy. 

Lime and the acids decompofe it, with the fame phenomena 
which we have obferved at the article carbonate of Pot-afh. 

ARTICLE HI. 

Carbonate of Ammoniack. 

This fait ha's been generally known by the name of Concrete 
Volatile Alkali. It has likewife been diftinguifhed by that of 
Cretaceous Volatile Alkali, &c. 

It may be obtained by diftillation from many animal fubftan- 
ees. Tobacco affords, likewife, a large proportion ; but almofh 
the whole of that which is employed in the arts, and in medi- 
cine, is formed by the direct combination of the carbonick acid 
and ammoniack, or volatile alkali. This combination may be 
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effected — i. By pafling the cavbonick acid through ammoniack, 
or the pure volatile alkali in folution. 2. By expofing ammo- 
jiiack in an atmofphere of carbonick acid gas. 3. By decom- 
pofing the muriate of ammoniack by the neutral fairs which con- 
tain this acid, fuch as* the carbonate of lime or common chalk. 
For this purpofe, white chalk is taken, and very accurately dri- 
ed ; and then mixed with equal parts of muriate of ammoniack 
or common fal ammoniack, in fine powder. This mixture i§ 
put into a retort, and diftilled ; the ammoniack and the carbon- 
ick acid being difengaged from their bafes, and reduced into 
vapours, combine together, and are depofited on the fides of 
the receiver, where they form a ftratum more or lefs thick. 

The cryftallization of this carbonate appeared to me to be 
that of a four-fided prifm, terminated by a dihedral fummit. 

The carbonate has lefs fmell than the ammoniack ; it is very 
foluble in water. Cold water diffolves its own weight of {his 
fait, at the temperature of fixty degrees of Fahrenheit. 

One hundred grains of this fait contain forty-five parts acid;, 
forty-three alkali, and twelve water, according to Bergmann. 

Moft acids decompofe it, and difplace the carbonick acid.- 



CHAPTER II. 

Concerning the Sulphurick Acid. 

SULPHUR, like every other combuftible fubftance, cannot 
be burnt but by virtue of the oxigenous gas which combines 
■with it. 

The moft ufual phenomena which accompany this combuft- 
ion are, a blue flame, a whitifh and iuffocating vapour, and a 
ftrong, penetrating, and difagreeable fmell. 

The refults of this combination vary according to the pro? 
portion in which thefe two principles enter into this fame com- 
bination. 

The fulphureous or the fulphurick acid may be at pleafure 
obtained from fublimed fulphur, or from crude fulphur, ac- 
cordingly as a greater or lefs quantity of oxigene is combined 
■with the fulphur, by means of combuftion. 

When the current of air which maintains the combuftion is 
rapid, the fulphur is carried, and depofited without any appar- 
ent alteration, into the internal part of the leaden chambers in 
which the oil of vitriol is made. If the current of air be ren- 
dered more moderate, the combination is fomewhat more ac- 
curate ; the fulphur is partly changed, and is depofited in a 
pellicle upon the fuvface of the water. This pellicle is flexible 
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"ike a fkin, and may be handled and turned over in the fame 
manner. If the current be ftill lefs rapid, and the air be fuf- 
fered to have a fufficient time to form an accurate combination 
with the fulphur, the refult is fulphureous acid ; which acid 
preserves its gafeous form at the temperature of the atmofphere, 
and may become liquid like water by the application of cold, 
according to the fine experiments of Mr. Monge. If the com- 
buftion be ftill flower, and the air be fuffcred to digeft upon the 
fulphur a longer time and with greater accuracy, the refult is 
fulphurick acid : this laft combination may be facilitated by the 
*nixture of faltpetre becaufe this fubftance furnifhes oxige»e 
very abundantly. 

Numerous experiments which I have made in my manufactory, 
to economize the faltpetre employed in the fabrication of oil of 
vitriol, have feveral times exhibited the refults here mentioned. 

All the procefles which are capable of being adapted for ex- 
tracting the fulphurick acid, are reducible to — i. The extrac- 
tion of it from fubftances which contain it. 2. Its direct: for- 
mation by the combination of fulphur and oxigene. 

In the fvrft cafe, the fulphures, or vitriolick ialts of iron, cop- 
per, or zinc, and even thofe whofe bafes are clay and lime, ac- 
cording to Newman and MargrafF, may be expofed to diftilia- 
tion. But thefe expenfive procefles are not very eafy to be 
carried into execution ; and accordingly they have been aban- 
doned, to make room for others of greater fimplicity. 

In the fecond cafe, the oxigene may be prefented to the ful- 
phur in two forms ; either in the ftate of gas, or in the con- 
crete ftate. 

i. The combuftion of fulphur byoxigenous gas, is perform- 
ed in large chambers lined with lead. The combuftion is fa- 
cilitated by mixing about one eighth of a nitrate of pot-afh 
with the fulphur. The acid vapours which fill the chamber 
are precipitated againft its fides, and the condenfation is facil- 
itated by a ftratum of water difpofed on the bottom of the 
chamber. In fome manufactories in Holland, this combuftion 
is performed in large glafs balloons with large mouths, and 
the vapours are precipitated upon water placed at the bottom. 

In both cafes, when the water is fufficiently impregnated 
with acid, it is concentrated in leaden boilers, and rectified in 
glafs retorts, to render it white, and to concentrate it fufficient- 
ly for the purpofes of trade. The acid, when of a due ftrength, 
indicates fixty-fix degrees, according to the aerometer of Mr. 
Baume ; and when it has not been carried to this degree, it is 
unfit for moft of the ufes for which it is intended. It cannot, 
fpr example^ be employed in difioh/ing indigo ; for the fm»l 
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quantity of nitrick acid which it contains, unites with the blue 
of the indigo, and forms a green colour. I have afccrlained 
this phenomenon by very accurate experiments ; and I have 
been a witnefs to the failing of colours, and the lofs of fluffs^ 
in confequence of the imperfection of the acid. 

2. When die oxigene in the concrete Itate is prefented to 
the fulphur, it is then in combination with other bodies, which it 
abandons to unite with this laft. This happens when the ni- 
trick acid is diitilled from fulphur. Torty-cight ounces of this 
acid, at thirty-fix degrees, diftilled from two ounces of fulphur, 
afforded near four ounces of good fulphurick acid. This faci 
**vas known to Matte Lafaveur : but I pointed out all the phe- 
nomena and circumftances of the operation in 1781. 

Sulphur may likewife be converted into fulphurick acid by 
means of the oxigenated muriatick acid. — Encyclopedic Metho- 
dique, torn. i. p. 370. 

The fulphurick acid which is found difengaged in fome places 
in Italy, appears likewife to arife from the combuflion of ful- 
phur. Bajdaffari has obferved it in this ftate in a hollow grotto, 
in the midft of a mafs of incruftations depofited by the baths of 
Saint Philip, in Tufcany. He aflcrts that a fulphureous vapour 
continually arifes in this grotto. He likewife found fulphure r 
ous and vitriolick effervdences at St. Albino, near mount Pulci.- 
ano, and at the lakes of Travale, where he obferved the branch- 
es of a tree covered with concretions of fulphur and the oil of 
vitriol. — Journal dePhyhque, t. vii. p. 395. 

O. Vandelli relates that, in the environs of Sienna and Viter- 
bo, fulphurick acid is fometimes found diflblved in water. Mr. 
(the commander)De Dolomeu affirms that he found it pure and 
cry ft alii zed in a grotto of mount Etna, from which fulphur was 
formerly obtained. 

According to a firft experiment of Mr. Berthollet, fixty-nine 
parts of fulphur with thirty-one parts of oxigene formed one 
hundred parts of fulphurick acid j and according to a fecond 
experiment, feventy-two of fulphur and twenty-eight of oxigene 
formed one hundred parts of dry acid. 

The various degrees of concentration of the fulphurick acid 
have caufed it to be diltinguiflied by different names, under 
which it is known in commerce. Hence the denominations of 
Spirit of Vitriol, Oil of Vitriol, and Glacial Oil of Vitriol, to 
exprefs its degrees of concentration. 

The fulphurick acid is capable of pafTing to the concrete (late 
by the impreffion of intenfe cold. This congelation is a phe- 
nomenon long fmce known. Cunckle and Bohu have fpoken of 
it ; and Boerhaave fays, exprefsly, " Oieum vitrioli, (ummarte; 



Char after s of fulphurick Acid. 34J 

puviflimum, fummo frigore hibernO in glebas folidefcit perfplcu- 
ns ; fed, ftatim ac acutles frigoris retunditor, liquefcit et dif- 
fluit." — We are indebted to the Duke D'Ayen for fome very 
valuable experiments upon the congelation of this acid ; and 
Mr. De Morveau repeated them with equal fuccefs in 1782, and 
proved that this congelation may be effected at a degree of sold, 
confiderably lefs than what had been mentioned.* 

I have already feveral times obtained beautiful cryftals of ful«* 
phurick acid in flattened hexahedral prifms, terminated by an 
hexahedral pyramid ; and my experiments have enabled me to 
conclude — I. That the very concentrated acid cryftallizes more 
difficultly than that whofe denfity lies between fixty-three and 
fixty-five. 2. That the proper degree of cold is from 1 to 3 
degrees below o of Reaumur. The detail of my experiments 
may be feen in the volume of the Academy of Sciences of Paris 
for the year 1784. 

The characlers of the fulphurick acid are the following : 

1. It is unctuous and fat to the touch, which has occafioned 
it to obtain the very improper name of Oil of Vitriol. 

2. It weighs one ounce and feven grosin a bottle containing 
one ounce of diftilled water. 

3. It produces heat, when mixed with water, to fuch a de- 
gree as to exceed that of boiling water. If one end of a tube of 
glafs be clofed, and water poured into it, and the clofed end of 
this tube be plunged into water, the water in the tube may be 
made to boil by pouring fulphurick acid into the external water" 
which furrounds the tube. 

4. It feizes with great avidity all inflammable fubftances ; 
and it is blackened and decompofed by this combination. 

Stahl fuppofed the fulphurick acid to be the univerfal acid. 
He founded this opinion more efpecially upon the circumitance, 
that cloths foaked in a folution of alkali and expoied to the air, 
attracted an acid which combined with the alkali ; and formed 
a neutral fait, by him fuppofed to be of the nature of fulphate of 
pot-afh, or vitriolated tartar. Subfequent and more accurate 
experiments have (hewn that this aerial acid was thecarbonick j 
and the prefent ftate of our knowledge is fuch as permits us 
dill lefs than ever to believe in the exigence of an univerfal acid. 



•See alio the experiments nf Mr. Kier, and the late experiments of Mr. 
•i'Ii on tbr (.onjela'.ioa of acids, in the Philofophical Traulactions. 
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ARTICLE I. 

Sulphate of Pot-afh. 

The fulphate of pot-afh is defcribed indifferently under the 
names of Arcanum Duplicatum, Sal de Duobus, Vitnolated 
Tartar, Vitriol of Pot-afh, &c. \ . 

This fait cryftallizes in hexahedral prifms, terminating in 
hexahedral pyramids, with triangular faces. 

It has a lively and penetrating tafte, and melts difficultly in 

the mouth. . 

It depreciates on hot coals, becomes red-hot belore it luies, 
and is volatilized without decompofition. 

It is foluble in fixteen parts of cold water, at the tempera- 
ture of 60 degrees of Fahrenheit : and boiling water diflblves 
one fifth of its weight. 

100 grains contain 30,21 acid, 64,61 alkali, and 5,18 water. 
Moft of the fulphate of pot-am ufed in Medicine is formed by 
the direct combination of the fulphurick acid and pot-afh, or 
the vegetable alkali : but that which is met with in commerce 
is produced in the distillation of aqua fortis, by the fulphurick 
acid j this has the form of beautiful cryftals, and is fold in the 
Comtat Venaifin at forty or fifty livres the quintal. The anal- 
yfis of tobacco has likewife afforded me this fulphate. 

Mr. Baume proved to the Academy in 1760, that the nitrick 
acid, affifted by heat, is capable of decompofing the fulphate of 
pot-afh. Mr. Cornette afterwards (hewed that the muriatick 
acid poffefles the fame virtue ; and I (hewed in 1780, that this 
acid may be difplaced by the nitrick acid, without the afliftance 
of heat ; though the fuiphurick acid refumes its place when the 
folution is concentrated by heat. 

ARTICLE II. 

Sulphate of Soda. 

This combination of the fulphurick acid and foda is (til! 
known under the names of Glauber's Salt, Sal Admirabile, 
Vitriol of Soda, &c. This fait cryltallizes in reftangular octa- 
hedrons, of a prifmatick or cuneiform figure, of which the two 
pyramids are truncated near their bans. 

It has a very bitter tafte, and eafily diflblves in the mouth. 

It fwells up upon heated coals, and boils, in confequence of the 
diffiprtion of its water of crystallization. Af:er this water haa 
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been difperfed, there remains only a white powder, difficult of 
fufion, which is volatilized without decompofition by k ftrong 
heat. 

By expofure to the air, it effervefces, lofes its tranfparency, 
and is reduced to a fine powder. 

Three parts of water at 60 degrees of Fahrenheit's thermom- 
eter, diflblved one part of this fait ; but boiling water diflblves 
its own weight. 

100 grains of fulphate of foda contain 14 acid, 22 alkali and 
64 water. 

It is formed by the direct combination of the two principles 
which contain it ; but the tamarix gallica, which grows on the 
fea coafts, contains fo large a quantity, that it may be extracted 
to advantage. Nothing more is neceflary for this purpofe, than 
to burn the plant, and lixiviate the afhes. That fait which is 
fold in the fouth of France, in fine cryftals, is prepared in this 
manner. It is very pure, and the price does not exceed thirty 
or thirty-five livres the quintal. This fulphate is likewife form- 
ed in our laboratories when we .decompose the muriate of foda, 
or common fait, by the fulphurick acid. 

Pot-afh diflblved by heat in a folution of fulphate of foda, 
precipitates the foda, and takes its place. See rhy Chemical 
Memoirs. 



ARTICLE III. 

Sulphate of Ammoniack. 

The fulphate of Ammoniack, commonly known by the name 
©f Glauber's Secret Ammoniacal Salt, is very bitter. 

It cryllallizes in long flattened prifms with fix fides, termi- 
nated by fix-fided pyramids. 

It cannot be obtained in well-formed cryftals but by infenfi- 
ble evaporation. 

It (lightly attracts the humidity of the air 

It liquefies by a gentle heat, and rifes over a moderate fire. 

Two parts of cold water diflblve one of this fait ; and boiling 
water diflblves its own weight, according to Fourcroy. The 
fixed alkalis, barytes, and lime, difengage the ammoniack 
from it. 

The nitrick and muriatick acids difengage the fulphurick acid. 

The different fubftances of which we have treated are of con- 
siderable life in the arts and medicine. 
T 
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The fulphureous acid is employed in whitening filk, and giv- 
ing it a degree of luftre. Stahl had even combined it with al- 
kali, and formed the fait fo' well known under the name of 
Stahl's Sulphureous Salt. This combination pafl'es quickly to 
the ftate of fulphate, if it be left expofed to the air • as it fpee- 
dily abforbs the oxigene which is wanting for that purpofe. 

The principal ufe of the fulphurick acid is in dying, in which 
art it fcrves to diflblve indigo, and carry it in a ftate of extreme 
divifion upon the (tuffs to be died ; it is likewife ufed by the 
manufacturers of Indiens, or filk and fluff mixtures, to carry off 
the preparation of thefe goods, wherein lime is ufed. The 
chemift makes great ufe of this acid in his analyfes ; and to' 
feparate other acids from their combination, fuch as the carbon- 
ick, the nitrick, and the muriatick acids. 

The fulphate of pot-afh is known in medicine as an altera- 
tive, and is ufed in cafes of lasSteous coagulations. It is given* 
in the dofe of a few grains, and is even purgative in a greater 
dofe. 

The fulphate of foda is an effectual purgative in the dofe of 
from four to eight gros, or drams. For this purpofe it is dif- 
iblved in a pint of water. 



CHAPTER lit 

Concerning the Nitrick Acid. 

THE nitrick acid, called Aqua Fortis in commerce, is lighter 
€han the fulphurick. It ufually has a yellow colour, a ftrong 
and difagreeable fmell, and emits red vapours. It gives a yel- 
low colour to the fkin, to filk, and to almoft all animal fubftan- 
ces with which it may come in contact. It diflblves and fpeed- 
ily corrodes iron, copper, zinc, &c. with the efcape of a cloud 
of red vapours during the whole time its action lafts. It entire- 
ly deftroys the colour of violets, which it reddens. It unites 
to water with faciiity ; and the mixture afliimes a green colour, 
which difappears when (till further diluted. 

This acid has been no where found in a difengaged ftate. It 
always exifts in a ftate of combination j and it is from thefe 
combinations that the art of chemiftry extracts it, to apply to 
cur ufes. The nitrick of pot-afh, or common nitre, is the com- 
bination which is befc known, and is likewife that from which 
we ufually extract the nitrick acid. 
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The procefs ufed in commerce to make* aqua fortis, confifts 
in mixing one part of faltpetre with two or three parts of red 
bolar earth. This mixture is put into coated retorts, difpofed in 
a gallery or long furnace, to each of which is adapted a receiver. 
The firft vapour which arifes in the diitillation is nothing but 
water, which is futFered to efcape at the place of juncture, be- 
fore the luting: and when the red vapours begin to appear, the 
phlegm which is condenfedin the receiver is poured out ; and 
<the receiver, being replaced, is carefully luted to the neck of the 
retort. The vapours which are condenfed, form at firit a 
greenifh liquor : this colour difappears infenfibly, and is replac- 
ed by another which is more or Jefs yellow. Some chemifts, 
more efpecially Mr. Baume, were of opinion thai the earth ad' 
ed upon the faltpetre by virtue of the fulphurick acid it contains. 
But not to mention that this principle does not exift in all the 
earths made ufe of, as Meflrs. Macquer, De Morveau, and 
ScheeJe have proved, we know that pulverized flints equally 
produce the decompofition of faltpetre. I am therefore of 
.opinion that the effect of thefe earths upon the fait ought to be 
referred to the very evident affinity of the alkali to the filex, 
which is a principal component part ; and more efpecially to 
the flight degree of adhefion which exifts between the conftit- 
uent principles of nitrate of po>afh. 

We decompofe faltpetre in our laboratories by means of the 
fulphurick acid. Very pure nitrate of pot-afh is taken, and in- 
troduced into a tubulated retort, placed in a fand bath, with a 
receiver adapted. All the places of junction are carefully 
luted ; and as much fulphurick acid as amounts to half the 
weight of the fait is poured through the tubulure ; and the dis- 
tillation is proceeded upon. Care is taken to fit a tube into 
the tubulure of the receiver ; the other end of which is plun- 
ged into water, to condenfe the vapours, and to remove all fear 
of an explofion. 

Inftead of employing the fulphurick acid, we may fubftitute 
the fulphate of iron, and mix it with faltpetre in equal parts'. 
In this cafe, the refidue of the diftillation, when well waihed ' 
forms the mild earth of vitriol made ufe of to polifh glafs. 

Stahl and Kunckel have fpoken of a very penetrating aqua 
fortis, of a blue colour, obtained by the diftillation cf nitre with 
arfenick. 

Whatever precaution is taken in the purification of the falt- 
petre, and however great the attention may be which is beftow- 
ed upon its diftillation, the nitrick acid is always impregnated 
with fome foreign acid, either the fulphurick or muriatick,froni 
which it requires to be purified. It is cleared of the firft by re- 
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diftilling it upon vefy pure faltpetre, which retains the ftnall 
quantity of fulphurick acid that may exift in the mixture. It is 
deprived of the fecond by pouring into it a few drops of a folu- 
tion of nitrate of fiiver. The muriatick acid combines with 
the fiiver, and is precipitated with it in the form of an infolu- 
ble fait. The fluid is then fuffered to remain at reft, and is 
afterwards decanted from the precipitate or depofition. This 
acid, fo purified, is known under the name of Aqua Fortis tor 
Parting, Precipitated Nitrous Acid, Pure Nitrick Acid, &c. 

Stahl had confidered the nitrick acid as a modification of tha 
fulphurick, produced by its combination with an inflammable 
principle. This opinion has been fupported by feveral new 
fads, in a diflertation of Mr. Pietfh, crowned by the Academy 
of Berlin hi 1749. 

The experiments of the celebrated Hales led him (till nearer 
to this concluflon, as his manipulations were fucceflively em- 
ployed upon the two conftituent principles of the nitrick acid. 
This celebrated philofopher had obtained ninety cubick inchej 
of air from half a cubick inch of nitre •, and he proceeded no 
further in his conclufions, than to affert that this air is the prin- 
cipal caufe of the explofions of nitre. 

The fame philofopher relates that the pyrites of Walton 
treated with equal quantities the fpirt of nitre and water, pro- 
duce an air, which has the property of abforbing the frelh air 
which may be made to enter the veffel. This great man there- 
fore extracted fucceflively the two principles of the nitrick acid; 
and thefe capital experiments put Dr. Prieftley in the road to 
the difcoveries he has fince made. 

It was not however until the year 1776, that the analyfis of 
the nitrick acid was well known. Mr. Lavoifier, by diltilling 
this acid from mercury, and receiving the feveral produces in 
the pneumato-chemical apparatus, has proved that the nitrick 
acid, whofe fpecifick gravity is to that of diftilled water aa 
131607 to iooopo, contains — 

oz. gros. grains. 

Nitrous gas 1 7 5 1 *- 

Oxigeuous gas 1 7 74 

Water 13 — — 

By combing thefe three principles together the decompofed 
acid was regenerated. 

The action of the nitrick acid on moft inflammable matters, 
confifts in nothing more than a continual decompoiition of thii 
acid. 

If the nitrick acid be poured upon iron, copper, or zinc, thefe 
metals are inftantly attacked with a ftrong effervefence ; and a 
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itonfiderable difengagement of vapours takes place, winch be- 
come of a red colour by their combination with the atmofpher- 
ick air, but which may be retained and collected in a Itate of 
gas in the hydro-pneumatick apparatus. In all thefe cafes the 
metals are ftrongly oxided. 

The nitrick acid, when mixed with oils, renders them thick 
and black, converts them into charcoal, or inflames them, ac- 
cordingly as the acid is more or lefs concentrated, or in a great- 
er or Ids quantity. 

If very concentrated nitrick acid be put into an apothecary's 
phial, and be poured upon charcoal in an impalpable powder, 
and very dry, it fets it on fire inftantly, at the lame time that 
carbonick acid and nitrogene gas are diiengaged. 

The various acids which are obtained by the digeftion of the 
nitrick acid on certain fubftances, fuch as the oxalick acid, or 
acid of fugar, the arfenical acid, &c. owe their existence merely 
to the decompofition of the nitrick acid, the oxigene of which 
is fixed in combination with the bodies upon which the acid is 
diltilled. The facility with which this acid is decompofed, 
renders it one of the molt active becaufe the action of acids 
upon mod bodies is a confequenqe of their own proper decom- 
pofition. 

The characters of nitrous gas, which is extracted by the de- 
compofition of the acid, are — r. It is invifible, or perfectly 
tranfpavent. 2. Its fpecifick gravity is rather lefs than that of 
atmoipherical air. 3. It is unfit for refpiration, though the ab- 
be Fontana pretends that lie refpired it without danger. 4. It 
does not maintain combultion. 5. It is not acid, according to 
the experiments of the Duke de Chaulnes. 6. It combines with 
oxigene, and reproduces the nitrick acid. 

i5ut what is the nature of this nitrous gas ? It was at firft 
pretended that it confifts of the nitrick acid faturated with phlo- 
giiton. This fyftem ought to have been abandoned as foou as 
it was proved that the nitrick acid depofited its oxigene upon 
the bodies on which it acted ; and that the nitrous gas was lefs 
in weight than the acid made ufe of. A capital experiment of 
Mr. Cavendifh has thrown the greateft light on the fubject. 
This chemift having introduced into a tube of glafs feven parts of 
oxigenous gas obtained without nitrous acid, and three parts of 
nitjogene gas ; or, by eftimating thefe quantities in weight, ten 
pahs of nitrogene to twenty-fix of oxigene — and having caufed 
the electrick lpark to pal's through this mixture, perceived that 
its volume or bulk was greatly diminifhed, and fucceeded in 
converting it into nitrick acid. It may be prefumed, from his 
experiment, that the acid is a combination of feven parts of cxi- 
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gene, and three of nitrogene. Thefe proportions conftitute ti.c 
ordinary nitride acid ; but when a portion of its oxigene is 
taken away, it partes to the (late of nitrous gas ; fo that nitrous 
gas is a combination of nitrogene gas, with a fmall quantity of 
oxigene. 

Nitrous gas may be decomposed by expofing it to a folution 
of the fulphure of pot-aih, or hepar oi lulphur : the oxigene gas 
unites to the fulphur, and forms lulphurick acid, while the nitro- 
gene gas remains behind in a (late of purity. 

Nitrous gas may likewife be decompofed by means of py- 
rophorus, which burns in this air, and abforbs the oxigenous 
gas. 

The eleftrick fpark has likewife the property of decompofing 
nitrous gas. Mr. Van Marum has obferved that three cubick 
inches of the nitrous gas are reduced by electricity to one cubick 
jnch and three quarters ; and that this refidue no longer pof- 
fefled any property of nitrous gas. Jjaflly, according to the ex- 
periments of Mr. Lavoifier, one hundred grains of nitrous gas 
contain thirty-two parts nitrogene, and lixty-eight parts oxi- 
gene : according to the fame chemiit, one hundred grains of ni- 
trick acid contain feventy-nine and a half oxigene and twenty 
and a half nitrogene ; and this is the reafon why nitrous gas 
ihould be employed in alefs portion than nitrogene gas, to com- 
bine with the oxigene gas, and form the nitrick acid. 

Thefe ideas upon the compofition of the nitrous acid appear 
to be confirmed by the -repeated proofs we now have of the ne- 
cefTity of caufing tubftances, which afford much nitrogene gas, 
to be prefented to the oxigene gas, in order to obtain nitrick 
acid. 

The feveral ftates of the nitrick acid may be clearly explain- 
ed acording to this theory : — I. The fnming nitrous acid is that 
in which the oxigene does not exift in a fumcient proportion ; 
and we may render the whiteft and molt faturated nitrick acid 
fuming and ruddy, by depriving it of a part of its oxigene by 
means of metals, oils, inflammable fubitances, &c. or even by 
tlifengaging the oxigene by the fimple expolition of the acid to 
the light oi the fun, according to the valuable experiments of 
Mr. Benhollet. 

The property which nitrous gas poflefle^, of abforbing oxi- 
gene to form the nitrick acid, has caufed it to be employed to 
determine the proportion of oxigene in the compofition which 
forms our atmofphere. The abbe Fontana has conilrucled on 
thefe principles, an ingenious eudiometer, the description and 
manner of ufing which may be feen in the firlt volume of Dr. 
Ingenhoufz's Experiments upon Vegetables. 
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Mr. Berthollet has very juftly obferved, that this eudiometer 
is inaccurate, or productive of deception — 1. Becaufe it is 
difficult to obtain nitrous gas conftantly formed of the fame pro- 
protions of nitrogene gas and oxigene; for they vary, not only 
according to the nature of the fubftances upon which the ni- 
trick acid is decompofed, but likewife accordingly as the folu- 
tion of any given fubftance by the acid is made with greater of 
lefs rapidity. If the acid be decompofed upon a volatile oil, noth- 
thing but nitrogene gas can be obtained ; if the acid act upon 
iron, and it be much concentrated, nitrogene gas only will be 
obtained, as I have obferved, &c. 2. The nitrick acid which 
is formed by the union of nitrous gas and oxigene, dilToIves a 
greater or lefs quantity of nitrous gas, according to the temper- 
ature, the quality of the air which is tried, the fize of the eudi- 
ometer, &c. fo that the diminution varie.i in proportion to the 
greater or lefs quantity of nitrous gas obtained by the nitrick 
acid which is formed; cortfequently the diminution ought to 
be greater in winter than in fummer, &e. 

According to the experiments of Mr. LavoiGef, four parts of 
oxigenous gas are fuftkient to faturate feven parts and one 
third 6f nitrous gas ; whereas it is found that nearly fixteen 
parts of atmofpherick air are required to produce the fame ef- 
fect : whence this celebrated chemift has concluded, that the air 
of the atmofphere does not in general contain more than one 
fourth of oxigenous or refpirable gas. Repeated experiments 
at Montpellier, upon the fame principle, have convinced me 
that twelve or thirteen parts of atmofpherick air are conftantly 
fufficient to faturate (even parts and one third of nitrous gas. 

Thefe experiments (hew, to a certain degree of accuracy, the 
proportion in which vital air exifts in the air which we refpire ; 
but they do not give us any information reflecting the noxious 
gafes, which when mixed with the atmofpherick air, alter ir, 
and render it unwholefome. This obfervation very much cur- 
tails the ulVofthis inftrument. 

The combination of the oxigenous and nitrous gafes alway9 
leaves an aeriform refidue, which Mr. Lavoifier eflimated at 
about one thirty-fourth of the whole volume : it arifes from 
the mixture of the foreign gafeous fubftances, which more 0? 
lefs affett the purity of the gdes made ufe of. 
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ARTICLE I. 

Nitrate of Pot-afh. 

The nitrick acid, combined! with pot-afh, forms the fait (c 
■well known under the names of Nitre ; Saltpetre, Nitre of pot- 
afh, Sec. 

This neutral fait is rarely the product of any direct combi- 
nation of its two condiment p^rrs. It is found ready formed 
in certain places ; and in this manner it is that the whole of 
the nitre employed in the arts is obtained. 

In the Indies, it efHorefes on the furface of uncultivated 
grounds. The inhabitants lixiviate thefe earths with water, 
which they afterwards boil and cryftallize in earthen pots, 
Mr. Dombey has obferved a great quantity of faltpetre near 
Lima, upon earths which ferve for pafture, and which produce 
only graminerous plants. Mr. Talbot Dillon, in his travels in- 
to Spain, relates that one third of all the grounds, and in the 
Southern parts of that kingdom, even the dud of the roads, con- 
tain falt-petre 

Salt-petre h extracted in France from the ruins and plaftcr of 
old houfes. 

This fait exifts ready formed in vegetables, fuch as parietaria 
and buglofs, §cc. and one of my pupils, Mr. Virenque, has 
proved that if is produced in all extracts which are capable of 
fermenting. 

The fermentation of faltpetre may be favoured, by caufing 
certain circumftar.ces to concur which are of advantage to its 
formation. 

In the North of Europe, the falt-petre beds are formed with 
lime, afhes, earth of uncultivated grounds, and flraw, which are 
itratified, and watered with urine, dunghill-water, and mother 
waters. Thefe beds are defended by a covering of heath or 
broom. In the year 1775, the King caufed a prize to be pro- 
pofed by the Royal Academy, of Sciences at Paris, to difcover 
a method of increafing the product of faltpetre in France, and 
to relieve the people from the obligation of permitting the falt- 
petre makers to examine their cellars, in order to difcover an<i 
carry away faltpetre earths. Several Memoirs were offered on 
the fubjeci:, which the Academy united into a fingle volume ; 
and thefe have added to our knowledge, by inftructtng us more 
efpecially concerning the nature of the matters which favour the 
formation of nitre. Ir was known, for example, long fince, that 
is formed in preference near habitations, or in earths-, inH 
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pregnated with animal products : it was likewife known that, 
in general, the alkaline bafis was afforded by the concurrence of 
-table fermentation. Mr. Thouvenel, whofe memoir was 
crowned, has proved that the gas which is difengaged by putre- 
faction, is necefTary for the formation of nitre ; that blood, and 
next to it, urine, were the animal parts which were the moft fa- 
vourable to its formation ; that the moft minutely divided and 
the lighted earths were the moft proper for nitrification ; that 
the current of air muft be properly managed, to fix upon thefe 
earths the nitrick acid which is formed, &o 
\ It feems to me that Becher poffefied a confiderably accurate 
knowledge of the formation of nitre, as appears from the follow- 
ing paffages : 

" Haec enim (vermes, mufcse, ferpentes) putrefacla in terram 
" abeunt prorfus nitrofam ; ex qua etiam communi modo nitrum 
" copiofum parari poteft, fola elixatione cum aqua communi." — ■ 
Phyf. Subt. lib. i. S. V. t. i. p. 286. 

" Sed et ipfum nitrum necdum finis ultimus putrefa£tionis 
" eft-, nam cum ejufdem partes ignese feparantur, relinquae in 
" terram abeunt prorfum puram & infipidam, fed fingulari 
" magnetifmo prseditam novum fpiritum aerum attrahendi, 
* f rurfufque nitrum fiendi." — Phyf. Subt. S. V. t. i. p. 292. 

From all the difcoveries and obfervations which have been 
hitherto made, it follows that, in order to eftablifh artificial nitre 
beds, it is neceffary that animal putrefaction and vegetable fer- 
mentation fhould concur. The nitrogene gas, L> its difengage- 
ment from the animal fubftanees, combines with the oxigene, 
and forms the acid, which again unites with the alkali, whofe 
formation is favoured by the vegetable decompofition. 

When the manufacturer is in pofTeffion of faltpetre grounds, 
whether by the fimple operations of nature or by the aiiiftanc e 
of art, the faltpetre is extracted by the lixiviation of thefe earths ; 
which lixivium is afterwards concentrated, and made to cryftal- 
lize. In proportion as the evaporation goes forward, the marine 
fait, which almoft always accompanies the formation of nitre, is 
precipitated. This is taken out with ladles, and fet to drain in 
bafkets placed over the boilers. 

As a great part of the nitre has an earthy bafis, and requires 
to be furnifhed with an alkaline bafis to caufe it to cryftallize, 
this purpofe is accomplifhed either by mixing afhes with the 
faltpetre earths, or by adding an alkali ready formed to the lix- 
ivium itfelf. 

Nitre obtained by this firft operation is never pure, but con- 
tains fea-falt, and an extractive and colouring principle, from 
which it muft he cleared. For this purpofe it is diflblved m 
U 
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frefti water, which is evaporated, and to which bullock's blooctf 
may be added, to clarify the folution. The nitre obtained by 
the fecond manipulation is known by the name of Nitre of the 
Second Boiling. If recourfe be had to a third operation to purify 
it, it is then called Nitre of the Third Boiling. 

The purified nitrate of pot-afh is employed in delicate opera- 
tions, fuch as the manufacture of gunpowder, the preparation of 
aqua fortis for parting, and the folution of mercury, &c. The 
faltpetre of the firfl; boiling is ufed in thofe works where aqua 
fortis is made for the diers. It affords a nitro-muriatick acid, 
•which is capable of diffolving tin by itfelf. 

The nitrate of pot-am cryftallizes in prifmatick octahedrons, 
which almofl always reprefent fix-fided flattened prifms, termi- 
nated by dihedral fummits k 

It has a penetrating tafte followed by a fenfation of coldnefa. 

It is fufible upon ignited coals ; and in this cafe its acid is de- 
compofed. The oxigene unites with the carbone and forms the. 
carbonick acid ; the nitrogene gas and the water are diffipated ; 
and it is this mixture of principles which has been known by 
the name of Clyffus of Nitre. 

The diftillation of the nitrate of pot-afh affords twelve thou- 
fand cubick inches of oxigenous gas for each pound of the fait. 

Seven parts of water diffolve one of nitre, at fixty degrees of 
Fahrenheit j and boiling water diflblves its own weight of this 
fait. 

One hundred grains of the cry dais of nitre contain thirty acid, 
fixty-thrce alkali, and feven water. 

When a mixture of equal parts of nitre and fulphur are 
thrown into a red-hot crucible, a faline fubftance is obtained, 
which was formerly called Sal Polychreft of Glafer, and which 
has fincebeen confidered as Sulphate of Pot-afh. If nitre be 
fufed, and a few pinches of fulphur be thrown upon this fait in 
fufion, and the whole be afterwards poured out or caft into plates, 
it forms a fait known by the name of Cryltal Mineral. 

A mixture of feventy-five parts of nitre, nine and a half of 
fulphur, and fifteen and a half of charcoal, forms gunpowder. 
This mixture is triturated from ten to fifteen hours, care being 
taken to moiilen it from time to time. This trituration is ufual- 
ly performed by pounding mills, whofe peftles and mortars are 
of wood. In order to give the powder the form proper to gran- 
ulate it, it is paffed through fieves of fkin, whofe perforations are 
of various fizes. The grained powder is then fifted, to feparate 
the duft, and it is afterwards carried to the drying-houfe. Gun- 
powder for artillery, or cannon-powder, receives no other pre- 
paration j but it is neceflary to glaze the powder which u in- 



Fulminating Powder. \*§ 

tended for fowling. This laft preparation is effected by putting 
at into a kind of cafk which turns on an axis, and by whofe 
movement the angles of the grains are broken, and their fur- 
faces polifhed. We are indebted to Mr. Baume and the cheva- 
Jier Darcy for a feries of experiments, in which they have 
moved — 

1. That good gunpowder cannot be made without fulphur. 

2. That charcoal is likewife indifpenfably neceffary. 

3. That the quality of gunpowder depends, c?:teris paribus, 
upon the accuracy with which the mixture is made. 

4. That the effect of gunpowder is greater when (Imply dried 
than when it is granulated. 

The effect of gunpowder depends upon the rapid decomposi- 
tion which is made in an inftant of a considerable mafs of nitre, 
and the fudden formation of thofe gafes which are the immedi- 
ate product. Bernoulli, in the laft century, afcertained the 
developement of air by the deflagration of gunpowder : he plac- 
ed four grains of powder in a recurved tube of glafs, plunged 
the tube in water, and fet fire to the gunpowder by means of 
t'iie burning-glafs ; after the combuftion the interiour air occu- 
pied a larger fpace, fo that the fpace abandoned by the water 
was fuch as would have contained two hundred grains of gun- 
powder. — Hift. del'Acade'mie des Sciences de Paris, \6(j6, t. ii. 
Memoire de M. Varignon fur le Feu et la Flamme. 

The fulminating powder, which is made by the mixture and 
trituration of three parts of nitre, two of fait of tartar, and one 
of fulphur, produces effects (till more terrible. In order to ob- 
tain the full effect, it is expofed in a ladle to a gentle heat ; the 
mixture melts, a fulphureous blue flame appears, and the explo- 
sion takes place. Care muft be taken to give neither too flrong 
yior too flight a degree of heat. In either cafe, the combuftion 
pf the principles takes place feparately, and without explofion, 



ARTICLE II. 

Nitrate of Soda. 

This fait has received the name of Cubick Nitre on account 
of its form ; but this denomination is not exact, becaufe it af- 
fects a figure conflantly rhomboidal. 

It has a cool, bitter tafle. 

It flightly attracts the humidity of the air. 

Cold water, at fixty degrees of Fahrenheit's thermometer, dif- 
folves one third of its weight ; and hot water fcarcely diifolves 
anore. 



icti Mur'mtich Acid. 

It fufes upon burning coals with a yellow colour ; whereas 
common nitre affords a white flame, according to Margrail — ■ 
24 Diflert. fur le Sel Commun, t. ii. p. 343. 

100 grains of this fait contain 28.80 acid, 50,09 alkali, and 
21. 1 1 water. 

It is almoft always the product of art. 



ARTICLE III. 

Nitrate of Ammoniack. 

The vapours of ammoniack, or volatile alkali, being brought 
into contact with thofe of the nitrous acid, combine with them, 
and form a white and thick cloud, which flowly fubfides. 

But when the acid is directly united to the alkali, the refult 
is a fait, which has a cool, bitter, and urinous tafte. 

Mr. De Lifle pretends that it cryftallizes in beautiful needles, 
limilar to thofe of fulphate of pot-afh. 

Thefe cryftals cannot be obtained but by a very flow evapo- 
ration. 

When this fait is expofed to the fire, it liquefies, emits aque- 
ous vapours, dries, and detonates. 

Mr. Berthollet has analyfed all the refults of this operation, 
and has drawn from them a new proof of the truth of the prin- 
ciples which he has eftablifhed with regard to ammoniack. 



CHAPTER IV. 

Concerning the Muriatick Acid. 

THIS acid is generally known by the name of Marine Acid, 
and it is (till diftinguifhed among artifans by the name of Spirit 
of Salt. 

It is lighter than the two preceding acids j it has a ftrong 
penetrating fmell, refembling that of faffron, but infinitely more 
pungent ; it emits white vapours when it is concentrated ; it 
precipitates filver from its folution in the form of an infoluble 
fait, &c. This acid has no where been found difengaged ; and 
to obtain it in this ftate, it is neceflary to difengage it from its 
combinations. Common fait is ufually employed for this 
purpofe. 
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The fpirit of fait of commerce is obtained by a procefs little 
differing from that which is ufed in the extraction of aqua for- 
tis. But as this acid adheres more ftrongly to itsbafis, the pro- 
duel is very weak, and only part of the marine fait is decom- 
pofed. 

Flints pulverized and mixed with this fait, do not feparate 
the acid. Ten pounds of flints in powdery treated by a violent 
fire with two pounds of the fait, did not afford me any other 
product than a mafs of the colour of litharge. The fumes 
were not perceptibly acid. If clay, which has once ferved to 
decompose marine fait, be mixed with a new quantity of the 
fame fait, it will not decomppfe an atom of it, even though the 
mixture be moiftened and formed into a pafte. Thefe experi- 
ments have been feveral times repeated in my manufactory, ancf 
have conftantly exhibited the fame refults. 

The fulphate of iron, or martial vitriol, which fo eafily difen- 
engages the nitrick acid, decompofes marine fait -, but very im- 
perfectly. 

The impure foda known in France by the name of Blan- 
quette,and in which my analyfis has exhibited twenty-one pounds 
of common fait out of twenty-five, fcarcely affords any muria- 
tick acid when it is diftilled with the fulphurick acid ; but it af- 
fords abundance of fulphureous acid. Mr. Berard director of 
zfly manufactory attributed thefe refults to the coal contained in 
this foda, which decompofed the fulphurick acid. He there- 
fore calcined the blanquette to deftroy the charcoal : and inert 
he found he could treat it in the fame manner as common fait, 
and with the fame fuccefs. 

The fulphurick acid is ufually employed to decompofe ma- 
rine fait. My method of proceeding confifts in drying the ma- 
rine fait, pounding it, and putting it into a tubulated retort placed 
upon a fand bath. A receiver is adapted to the retort, and af- 
terwards two bottles, after the manner of Woulfe, in which I 
diftribute a weight of diftilled water equal to that of the marine 
fait made ufe of. The joinings of the veffels are then luted, 
but with the greateft caution ; and when the apparatus is thus 
fitted up, a quantity of fulphurick acid is poured through the 
tubulure equal to half the weight of the fait. A confiderable 
ebullition is immediately excited : and when this effervefcence 
is flackened, the retort is gradually heated and the mixture 
made to boil. 

The acid is difengnged in the ftate of gas ; and mixes rap- 
idly with the water, in which it produces a confiderable degree 
of heat. 
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The water of the firfl: bottle is ufually faturared with th« 
acid gas, and forms a very concentrated and fuming acid ; ami 
though the fecond is weaker, it may be carrried to any deiircd 
degree of concentration, by impregnating it with a new quan- 
tity of the gas. 

The ancient chemifts were divided refpecling the nature of 
the muriatick acid. Becher fuppofed it to be the fulphurick 
acid modified by his mercurial earth. 

This acid is fufceptible of combining with an additional dofc 
ofoxigene; and, what is very extraordinary, it becomes/nore 
volatile in confequence of this additional quantity j whereas the 
other acids appear to acquire a greater degree of fixity in the 
fame circumftances. It may even be faid, that its acid virtue* 
become weaker in this cafe, fince its affinities with alkalis di- 
minifh ; and it is fo far from reddening blue vegetable colours, 
that it deftroys them. 

Another phenomenon not lefs interefting, which is prefented 
to us by this new combination, is, that though the muriatick 
acid feizes the oxigene with avidity, yet it contracts fo weak a, 
•union with it, that it yields it to almoft all bodies, and the 
mere action of light alone is fuflicient to difengage it. 

it is to Scheele that we are indebted for the difcovery of the 
oxigenated muriatick acid. He formed it in the year I774> by 
employing the muriatick acid as a folvent for manganefe. He 
perceived that a gas was difengaged, which pofieffed the diftinc- 
tive fmell of aqua regia ; and he was of opinion that in this 
cafe the muriatick acid abandoned its phlogifton to the man- 
ganefe •, in confequence of which notion he called it the De- 
phlogifticated Marine Acid. He took notice of the principal 
and truly aftonifhing properties of this new fubftance ; and all 
chemifts fince his time have thought their attention well em- 
ployed in examining a fubftance which exhibits fuch fingula? 
properties. 

To attract this acid, I place a large glafs alembick of one fin- 
gle piece upon a fand bath. To the alembick I adapt a fmall 
receiver ; and to the receiver three or four fmall bottles nearly 
filled with diftilled water, and arranged according to the method 
of V» r ou!fe. I difpofe the receiver and the bottles in a ciftern, 
the places of junction being luted with fat lute, and fe- 
cured with rags foaked in the lute of lime and white of 
egg. Laftly, I furround the bottles with pounded ice. 
When the apparatus is thus difpofed, I introduce into the 
alembick half a pound of manganefe of Cavennes, and pour 
upon it, at feveral repetitions, three pounds of fuming muri- 
atick acid. The quantity of acid which I pour at once i* three 
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ounces ; and at each time of pouring a confiderable eiFervef-, 
cence is excited. I do not pour a new quantity until nothing 
more comes over into the receivers. This method of proceed- 
ing is indifpenfably neceflary, when the operator is defirous of 
making his procefs- with a definite quantity of the materials, 
For if too large a quantity of acid be poured at once, it is im- 
poflible to reflrain the vapours ; and the effervefcence will throw 
a portion of the manganefe into the receiver. The vapours 
which are developed by the affufion of muriatick acid are of -at 
greenifh yellow colour -, and they communicate this colour to 
the water when they combine with it. When this vapour is 
concentrated by means of the ice, and the water is faturatedl 
with it, it forms a fcum at the furface, which is precipitated 
through the liquid, and refembles a congealed oil. It is necefla- 
ry to aflift the action of the muriatick acid by means of a mod- 
erate heat applied to the fand bath. The fecure luting of the 
veffels is alfo an eflential circumftance;. for the vapour which 
might efcape is fuffbcating, and would not permit the chemift 
to infpedl his operation clofely. It is eafy to difcover the place 
where it efcapes through the lutes, by running a feather dipped 
in volatile alkali over them •, the combination of thefe vapours 
inftantly forms a white cloud, which renders the place vifible 
where the vapour efcapes. An excellent Memoir of Berthollet, 
publifhed in the Annales Chemiques, may be confuked upon the 
oxigenated muriatick acid. 

The fame oxigenated muriatick acid may be obtained by dif- 
tilling, in a fimilar apparatus, ten pounds of marine fait, three 
or four pounds of manganefe, and ten pounds of fulphurick 
acid. 

Mr. Reboul has obferved that the concrete (late of this acid 
is a cryilallization of the acid, which takes place at three de- 
grees of temperature below the freezing point of Reaumur. 
The forms which have been obferved are thofe of a quadrangular 
prifm truncated very obliquely, and terminated by a lozenge. 
He has likewife obferved hollow hexahedral pyramids on th« 
furface (tf the liquor. 

To make ufe of the oxigenated acid in the arts, and in order 
to concentrate a greater quantity in a given volume of water, 
the vapour is made to pafs through a folution of alkali. A white 
precipitate is at firfh formed in the liquor ; but a (hort time af- 
terwards the depofition diminifhes, and bubbles are difengaged, 
h arc nothing but the carbonick acid. In this cafe two 
ire formed, the oxigenated muriate and the ordinary muri- 
ate. The mere inipreflion of light is fufficient to decompofe 
, mer, and convert it into common fait. This lixivium 
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contains, indeed, the oxigenated acid in a ftrongef propoi 
The execrable fmell of the acid is much weakened. It may be 
employed for various ufes, with the fame fuecefs, and with great 
facility ; but the effect is very far from correfponding with the 
■quantity of oxigenated acid which enters into this combination, 
'becaufe the virtue of a great part is deftroyed by its union with 
the alkaline bafis. 

The oxigenated munatick acid has an excefilvely ftrong fmell. 
It acls directly on the larynx, which it ftimulates, excite3 cough- 
ing, and produces violent head-achs. 

Its tafte is fharp and bitter. It fpeedily deftroys the colour 
of tin&ure of turnfole. But it appears that the property which 
amoft oxigenated fubftances poffefs, of reddening blue colours, 
arifes only from the combination of oxigene with the colouring 
principles ; and that, when this combination is very ftrong and: 
rapid, the colour is deftroyed. 

The oxigenated muriatick acid with which a folution of cauf- 
lick alkali is faturated, affords, by evaporation in veffels feclud- 
ed from the light, Common muriate and oxigenated muriate. 
This lad detonates upon charcoal ; is more foluble in hot than 
in cold water •, cryftallizes, fometimes in hexahedral laminae, 
and oftener in rhomboidal plates. Thefe cryftals have an ar- 
gentine brilliancy, like mica. Its tafle is faint ; and its crvftals, 
when they are diffolved in the mouth, produce a fenfation of 
coolnefs refembling that of nitre. 

Mr. fkrthollet has afcertained, by delicate experiments that 
the oxigenated muriatick acid which exifts in the oxigenated 
muriate of pot-am, contains more oxigene than an equal weight 
of oxigenated muriatick acid diffolved in water ; and this has 
Jed him to confider the oxigenated acid combined in the muriate 
as being fuperoxigenated. He confiders the common muriatick 
gas with relation to the oxigenated muriatick gas, the fame as 
the nitrous gas or fulphureous gao with refpedl to the nitrick 
and fulphurick acide. He pretends that the production of the 
fim'ple muriate and the oxigenated muriate in the fame opera- 
tion - , may be compared to the action of the nitrick acicf, which 
in many cafes produces nitrate and nitrous gas. Hence he has 
confidered the muriatick acid as a pure radical, which, combin- 
ed with a greater or lefs quantity of oxigene, forms either Am- 
ple muriatick acid gas, or the oxigenated muriatick acid gas. 

The oxigenated muriates of foda do not differ from thofe of 
pot-afh, but in being more deliquefcent and foluble in alcohol, 
like all the falts of this nature. 

The oxigenated muriate of pot-afh gives out its Oxigene in 
']•<: Hghtj and by diftillation as foon as the veffel is heated to< 
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rednefs. One hundred grains of this fait afford feventy-five 
cubicle inches of oxigenous gas reduced to the temperature of 
twelve degrees of Reaumur. This air is purer than the others, 
and may be employed for delicate experiments of the oxigenat- 
ed muriate of pot-afh, when cryflallized, does not trouble the 
folutions of nitrate of lead, of filver, or of mercury. 

Mr. Berthollet has fabricated gunpowder, by fubftituting the 
oxigenated muriate inftead of faltpetre. The effe&s it produced 
were quadruple. The experiment in the large way, which was 
made at Effone, is but too well known by the death of Mr. Le 
Tors and Mademoifelle Chevraud. This powder exploded the 
moment the mixture was triturated. 

The oxigenated muriatick acid whitens thread and cotton. 
For this purpofe the cotton is boiled in a weak alkaline lixivi- 
um ; after which the (luff is wrung out, and fleeped in the oxi- 
genated acid. Care is taken to move the cloth occafionally in 
the fluid, and to wring it out. It is then wafhed in a large 
quantity of water, to deprive it of the fmell with which it is 
impregnated. 

I have applied this known property to the whitening of paper 
and old prints : by this means they obtained a whirenefs which 
they never before pofleffed. Common ink difappears by the 
action of this acid ; but printers' ink is not attacked by it. 

Linen and cotton cloths, and paper, may be bleached by the 
vapour of the oxigenated marine acid. I have made fome ex- 
periments in the large way, which have convinced me of the 
poffibility of applying this method, to the arts. The memoir in 
which I have given an account of my experiments, will be print- 
ed in the volume of the Academy of Paris for the year 1787. 

The oxigenated muriatick acid thickens oik ; and oxides met- 
als to fuch a degree, that this procefs may be advantageoufly 
ufed to form verditer. 

The oxigenated muriatick acid diffolves metals without ef- 
fervefcence ; becaufe its oxigene is fufficient to oxide them 
without the neceffity of the decompofition of water, and confe- 
quently of the difengagement of gas. 

This acid precipitates mercury from its folutions, and con- 
verts it into the ftate of corrofive fublimate. 

It converts fulphur into fulphurick acid, and inftantly deprives 
the very black fulphurick acid of its colour. 

When mixed with nitrous gas, it pafl'es to the ftate of muriat- 
ick acid, and converts part of the gas into nitrick acid. 

When expofed to light, it affords oxigenous gas, and the 
muriatick acid is regenerated. 
W 
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^ The muriatick acid acts very efficacioufly upon metalli'ck &.i* 
ides merely in confequence of its becoming oxigenated ; and 
in this cafe it forms with them falts, which are more or left 
oxigenated. 



ARTICLE f. 

Muriate of Pot-afti. 

This fait is ftill diftinguifhed by the name of Febrifuge fait 0? 
Sylvius. 

It has a difagreeable ftrong bitter tafte. 

It cryftallizes in cubes, or in tetrahedral prifms. 

It depcripitates upon coals ; and when urged by a violent heat 
it fufes, and is volatilized without decompofition. 

It requires three times its weight of water, at the temperature 
of fixty degrees of Fahrenheit, for its folution. 

It is fubjeet to fcarcely any alteration in the air. 

One hundred grains of this fait contairn 29.68 acid, 63.47 
alkali, and 6.85 water. It is frequently met with, but in fmall 
quantities, in the water of the fea, in plafter, in the afhes of 
of tobacco, &c. The' existence of this fait in the allies of to- 
bacco might with juftice have fuf prized me, as I had reafon to- 
expect the muriate of foda which is employed in the operation 
called watering. "Was the foda metamorphofed into pot-afh by 
the vegetable fermentation i This may be determined by di- 
rect experiments. 

ARTICLE 11. 
Muriate of Soda. 

The received names of Marine Salt, Common Salt, and Cu-- 
linary Salt, denote the combination of muriatick acid with foda. 

This fait has a penetrating but not bitter tafte. It depre- 
ciates on coals, fufes, and is volatilized by the heat of a glafs- 
maker's furnace, without decompofition. 

It is foluble in 2.5 times its weight of water, at fixty degree* 
of Fahrenheit's thermometer. 

One hundred grains of this fait contain 33.3 acid, 50 of alka- 
li, and 16.7 of water. 

It cryftallizes in cubes. Mr. Gmelin has informed us that 
the fait of the fait lakes in the environs of Sellian on the bank* 
«ff the Cafpian fea, forms cubical and rhomboidal cryfUJsv 
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'Mr. De Liflc obferves, that a folution of marine fait, left to 
!5nfen(ible evaporation during five years by Mr. Rouelle, had 
/formed regular octahedral cryftals refembling thofe of alum. 

Marine fait may be obtained in octahedrons, by pouring frefh 
urine into a very pure folution of frefh fait. Mr. Berniard is 
convinced that this addition changed only the form of the fait, 
without altering its nature. 

Common fait is found native in many places. Catalonia, Cal- 
abria, Switzerland, Hungary, and Tyrol, pofTefs mines which are 
wiore or left abundant. The richeft fait mines are thofe of Wie- 
liczka in Poland. Mr. Berniard has given us a defcription of 
.them in the Journal de Phyfique ; and Mr. Macquart, in his 
EiT'ays on Mineralogy, has added interefting details concerning 
(the working of thefe mines. 

Our fait fprings in Lorraine and Franche-compte, and fome 
indications afforded by Bleton, have appeared fuffioient motives 
to Mr. Thouvenel to prefume that fait mines exift in our king- 
dom. This chemift exprefTes himfelf in the following man- 
ner : 

*« At the diftance of two leagues from Saverne, between the 
.village of Huclenhaufen and that of Garbourg, in a lofty moun- 
tain called Penfenperch, there are two great refervoirs of fait 
water •> the one to the eaft, at the head of a large deep and 
Barrow valley, which is called the great Limerthaal ; the other 
to the weft, upon the oppoGte flope, towards Garbourg. They 
(Communicate together by five fmall ftreams, which are detach- 
ed from the upper refervoir, and unite in the lower one. From 
rhefe two fait refervoirs flow two large ftreams ; the upper 
runs into Franche-compte, and the lower into Lorraine, where 
.they fupply the well known fait works." 

The waters therefore flow to the diftance of (event y leagues 
from the refervoir. 

Salt mines appear tp owe xheir origin to the drying up of 
vaft lakes. The fhells and madrepores found in the immenfe 
mines of Poland are proofs of marine depofitions. There are 
likewife fome feas in which the fait is fo abundant, that it is 
depofited at the bottom of the water ; as appears from the 
analyfis of the water of the lake Afphaltites, made by MefTrs. 
Maquer and Sage. 

This native fait is often coloured ; and as in this (tare it 
pofiefles confiderable brilliancy, it is called Sal-gem. It al- 
moft always contains an oxide of iron, which colours it. 

As thefe fait mines are neither fufficiently abundant to fup- 
ply the wants of the inhabitants of the globe, nor diftributed 
•with that uniformity as to permit all nations to have ready re- 
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courfe to them, it has been found neceflary to extract the fait 
from the water of the fea. The ki does not contain an equal 
quantity in all climates : Ingenhoufz has fliewn us that the 
northern feas contain lei's than the fouthern. Marine fait is (o 
abundant in Egypt, that, according to Hailelquiit, a frefh-water 
fpring is a treafure which is fecretly tranfmitted from father to 
fon. 

. The method of extracting the water of the fea varies accor- 
. ding to the climates. 

1. In the northern provinces, the fait fands of the fea coafl 
are warned with the leaft poflible quantity of water, ar>d the 
fait is obtained by evaporation. — See the defcription of this pro-- 
cefs by Mr. Guettard. 

2. In very cold countries, fait water is concentrated by freez- 
ing, and the refidue is evaporated by fire. — See Wallerius. 

3. At the fait fprings of Lorraine and Franche-compte, the 
•water is pumped up, and fuffered to fall upon heaps of thorns 
which divide it, and caufe a part to evaporate. The farther 
concentration is effected in boilers. 

4. In the fputhern provinces, at Peccais, at Pcyrat, at Cette 
and elfewhere, the extraction is begun by feparating a certain 
quantity of water from the general mafs of the fea, which is fuf- 
fered to remain in fquare fpaces, called Partenemens. For 
this purpofe it is neceflary to have fluices which may be open- 
ed and fhut at pleafure, and to form furrounding walls which 
prevent all communication with the fea, except by means of 
thefe gates. It is in the partenemens that the water goes 
through the firft ftate of evaporation ; and when it begins to 
depofite its fait, it is raifed by bucket wheels to other fquare 
compartments, called Tables, were the evaporation finifhes. 

The fait is heaped together, to form the cammelles ; in 
which ftate it is left for three years, in order that the deli- 
quefcent falts may flow out of it \ and, after this interval of 
time, it is carried to market. 

Exertions and enquiries have long fmce been made to difcov- 
er a cheap method of decompofing marine fait, to obtain the 
mineral alkali at a low price, which is of fuch extenfive ufe in 
the manufactories of foap, glafs, bleaching, &c. The proceiTes 
hitherto difcovered are the following : 

1. The nitrick acid difengages the muriatick acid, and forms 
nitate of foda, which may be eafily decompofed by detonation. 

2. Pot-am difplaces the foda, even in the cold, as I found by 
experiment. 

3. The fulphurick acid forms fulphate of foda by decompo- 
fing the marine fait j the new fait, when heated with charcoal, 
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is deftroyed ; but the fulphure of foda, or liver of fulphur, is 
formed, which is difficult to be entirely feparated ; and this 
procefs does not appear to me to be economical. The fulphure 
may likewife be decompofed by the acetite of barytes, and the 
foda afterwards obtained by calcination of the acetite of foda. 

4. Margraff tried in vain to acomplifh this purpofe, by means 
of lime, terpentine, iron, clay, &c. He adds that if common 
fait be thrown upon lead heated to rednefs, the fait is decom- 
pofed, and muriate of lead is formed. 

5. Seheele has has pointed out the oxides of lead for the 
decompofition of common fait. If common fait be mixed with 
litharge, and made into a pafte, the litharge gradually lofes its 
colour, and becomes converted into a white matter from which 
the foda may be extracted by wafhing. It is by procefles of 
this kind that Turner extracts it in England ; but this decom- 
pofition never appeared to me to be complete unlefs the litharge 
was employed in a proportion quadruple to that of the fait. I 
have obferved that almoft all bodies are capable of alkalizing 
marine fait, but that the abfolute decompofition is very difficult 

6. Barytes decompofes it likewife, according to the experi- 
ments of Bergmann. 

7. The vegetable acids, combined with lead, may likewife be 
ufed to decompofe common fait. When thefe lalts are mixed, 
a decompofition takes place : the muriate of lead falls down ; 
and the vegetable acid, united to the foda, remains in folution. 
The vegetable acid may be diffipated by evaporation and calcin- 
ation : and the alkali remains uifengaged. 

Marine fait is more efpecially employed at our tables, and in 
culinary purpofes. It removes and corrects the infipidity of our 
food, and at the fame time facilitates digeftion. It is ufed in a 
large proportion to preferve flefh from putrefaction ; but in a 
fmall dofe it haflens that procefs, according to the experiments 
of Pringle, Macbride, Gardane, &c. 



ARTICLE III. 

Muriate of Ammoniack. 

Of all the combinations of ammoniack this is the moft inter- 
efting, and the moft generally ufed. It is known by the name 
of Sal Ammoniack. 

This fait may be directly formed by decomposing the muriate 
of lime by the means of ammoniack,' as Mr. Baume has prac- 
tifed at Paris. But almoft all the fal ammoniack which circu- 
lates in commerce is brought to us from Egypt, where it is ex- 
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•tracled by diftillation from foot, by the combuftion of the ex- 
crements of fuch animals as feed on faline plants. 

The details of the procefs which is ufed have not been very 
long known. One of the firfl writers who gave a defcripticn of 
this operation is father Sicard. He informed us, in 1716, that 
diftillino; veffels were charged with the foot of the excrements of 
.oxen, to which fea fait and camels' urine were added. 

Mr. Lemaire, conful at Cairo, in a letter written to the acad- 
emy of Sciences in 1720, affirm* that neither urine nor fea fak 
are added. 

Mr. Haffdquift has communicated to the Academy of Stock- 
holm a considerably extenfive defcriptioa of the procefs : by 
which we learn that the dung of all animals which feed on fa- 
line plants is indiscriminately ufed ? and that the foot is diftilled, 
to obtain fal ammoniack. 

This dung is dried by applying it againft the walls : and it is 
burned inflead of wood, in fuch countries as do not pofTefs that 
fuel. The fublimation is performed in large round bottles of 
one foot and a half diameter, terminating in a neck of two, 
inches in height ; and they are filled to within four inches of 
the neck. The fire is kept up during three times twenty-four 
fiours ; the fait is fublimed to the upper part of thefe veffels, 
where it forms a mafs of the fame figure as the veffels them- 
selves. Twenty pounds of foot afford fix pounds of fal ammon- 
iack, according to Rudenfkield. 

I was always of opinion that fal ammoniack might be extract- 
ed by treating the dung of the numerous animals which feed on 
Valine plants in the plains of La Camargue and La Crau, in the 
fame manner ; and after having procured, with the greateft dif- 
ficulty, two pounds of the foot, I extracted from it four ounces 
of fal ammoniack. I muft obferve, to fave much trouble to 
thofe who may wifh to follow this branch of commerce, that 
the dung produced during the fummer, the fpring, or the au- 
tumn, does not afford this fait. I did not know to what circum- 
ftance to attribute the verfatility of my refults, until I found 
that thefe animals do not eat faline vegetables, excepting at the 
time when frefh plants cannot be had ; and that they are reduc-; 
ed to the neceffity of having recourfe to faline plants only dur- 
ing the three winter months. This obfervation appears 60 me 
to be a proof, that marine fait is decompofed in the firlt para- 
ges ; and that the foda is modified to the ftate of ammoniack. 

Sal ammoniack is continually fublimed through the apertures 
of volcanick mountains. Mr. Ferber found it •, and Mr. Sage 
admitted its exiflence among volcanick produces. It is found 
in the grottos of Puzzolo, according to Meffrs. Swab, Schef- 
fer, &c. 
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It is found in the country of the Calmuks. Model ana- 
lyfed it. 

It is alfo produced in the human body, and exhales by perfra'w 
ration in malignant fevers. Mr. Model has proved this fact in 
>iis own perfon : for at the time of a violent fweat which termi- 
nated a malignant fever, he warned his hands in a folution of 
pot-afh, and obferved that a prodigious quantity of alkaline 
gas was difengaged. 

Sal ammoniack cryftallizes by evaporation in quadrangular 
pyramids. It is often obtained in rhombick cryftals by fublima-' 
tion. The concave face of the loaves of fal ammoniack in 
commerce is fometimes covered with thefe cryftals. 

This fait has a penetrating, acrid, urinous tafte. It poflefles a 
degree of ductility which renders it flexible, and caufes it to 
yield to a blow of the hammer. It does not change in the air j 
which circumftance renders it probable that our fal ammoniack 
is different from thai mentioned by Pliny and Agricola, as that 
attracted humidity. Three parts and a half of water diflblve 
one part of fal ammoniack, at fixty degrees of Fahrenheit's ther- 
mometer : a confiderabie degree of cold is produced by its fo- 
lution. 

One hundred parts of fal ammoniack contain fifty-two parts 
acid, forty ammoniack, and eight water. 

This fait is not at all decompofed by clay ; nor by magnefia 
except with difficulty, and in part only ; but it is completely de- 
nompofed by lime and fixed alkalis. The fulphurick and ni- 
trick acids difengage its acid. 

This fait is ufed in dying, to bring out certain colours. It is 
mixed with aqua fortis, to increafe its folvent power. 

It is ufed in foldering; in which operation it pofTefles the 
double advantage of clearing the merallick furface, and prevent- 
ing its oxidation. 



CHAPTER V. 

Concerning the Nitro-muriatick Acid. 

THE acid which we call Nitro-muriatick, is a combination 
•f the nitrick and muriatick acids. 

Our predeceflbrs diftinguiflied it by the name of Aqua Regia 3 
*n account of its property of diflblving gold. 

There are feveral known proccfles for making this mixed 
*cid. 
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If two ounces of common fait be diftilled with four of nitride 
acid, the acid which comes over into the receiver will be good 
nitro-muriatick acid. 

This is the procefs of Mr. Baume. 

The nitrate of pot-afh may be decompofed by diftilling two 
parts of muriatick acid from one of this fait : good aqua regia 
is the producl of this operation ; and the refidue is a muriate 
of pot-afli, according to Mr. Cornette. 

Boerhaave affirms that he obtained a good aqua regia, by dif- 
tilling a mixture of two parts of nitre, three of fulphate of iron 
or martial vitriol, and five of common fait. 

The fimple diftillation of nitre of the firfl: boiling affords 
aqua regia ; which is employed by the diers in the foluti§n of 
tin, for the compofition of thefcarlet die. This aqua fortis is 
a true aqua regia : and it is by virtue of the mixture of acids 
that it diffoives tin ; for if it confifted of the nitrick acid in a 
ftate of too great purity, it would corrode and oxide the metal 
without diffolving it. The diers then fay that the aqua fortis 
precipitates the tin ; and they correct the acid by difibving fal 
ammoniack or common fait in it. 

Four ounces of fal ammoniack in powder, diffolved gradually, 
and in the cold, in one pound of nitrick, form an excellent aqua 
regia. An oxigenated muriatick acid gas is difengaged for a 
long time ; which it is imprudent to attempt to coerce, and 
which ought to be fuiTered to efcapeby convenient apertures. 

Ac, '-formed by mixing together two parts 

of pure nitrick acid and one of muriatick acid. 

The very evident fmell of oxigenated muriatick acid, which 
is difengaged in every procefs which can be adopted to form the 
acid at prefent in qutrftion ; and the property which it poffeffes 
equally with the oxigenated muriatick acid, of diffolving gold, 
have led certain chemifls to infer that, in the mixture of thefe 
'two acids, the muriatick acid feized the oxigene of the nitrick, 
and affumed the character of oxigenated muriatick acid; fo 
that the nitrick acid was confidered as anfwering no other pur- 
pofe than that of oxigenating the muriatick. But this fyftem is 
inconfiftent ; and though the virtues of the muriatick acid are 
modified by this mixture, and it is oxided by the decompofition 
cf a portion of the nitrick acid, neverthelefs the two acids (till 
exift in the aqua regia : and I am convinced that the beft made 
aqua regia, faturated with pot-afli, will afford the ordinary muri- 
ate, the oxigenated muriate, and the nitrate. It appears to me 
that the powerful action of aqua regia, depends fimply on the 
union of the two acids ; one of which is exceedingly well cal- 
culated to oxide the metals, and the other diffolves the oxides' 
or calces with the greateft avidity. 
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CHAPTER VI. 

Concerning the Acid of Borax. 

THE acid of bora:?, more generally known by the riame of 
of Homberg's Sedative Salt, is almoft always afforded by the 
decomposition of the borate of foda, or borax. But it has been 
found perfectly formed in certain places and we have reafon to 
hope that we Ihall fpeedily acquire more accurate information 
refpedting its nature. 

Mr. Hoefer, director of the Parmacies of Tufcany, was the 
firft who detected this acid fait in the waters of the lake Cher- 
chiajo, near Monte-rotondo, in the inferiour province of Sienna ; 
thefe waters are very hot, and they afforded him three ounces of 
the pure acid in one hundred and twenty pounds of the water. 
This fame chemift having evaporated twelve thoufand two hun - 
dred and eighty grains of the water of the lake of Caftelnuovo, 
obtained one hundred and twenty grains. He prefumes, 
moreover, that it might be found in the water of feveral other 
lakes fuch as thofe of Laflb, Monte-cerbeloni, &c. 

Mr. Sage has depofited in the hands of the Royal Academy of 
Sciences ibme acid of borax, brought from the mines of 
Tufcany by Mr. Beflbn, who collected it himfelf. 

Mr. Weftrumb found fedative fait in the ftone called Cubick 
Quartz of Luneburg. He obtained it by decompofing this 
ftone by the acids of fulphur, nitre, &c. The refult of his anal- 
yfis is the following : 

Sedative fait — * 

Calcareous earth — * 

Magnefia — T |_ 

Clay and filex — T *^ 

Iron — *_ to -JL- 

1 his ftone according to the obfervations of Laflius, has the 
form of fmall cubical cryftals, fometimes tranfparent, in other 
ipecimens milky, and affords fparks with the fteel. 

The acid of borax is generally found combined with fod2. 
It is from this combination that it is difengaged, and obtain- 
ed either by fublimation or cryftallization. 

When it is propofed to obtain it by fublimation three 

pounds of calcined fulphate of iron, and two ounces of borate 

of foda are diflolved in three pounds of water. The folution is 

then filtered, and evaporated to a pellicle ; after which the fub- 

X 
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limation is performed in a cucurbit of glafs with its head. The 
acid of borax attaches itfelf to the internal furface of the head' 
from which it may be fwept by a feather. 

Homberg obtained it by decompofing of borax with the ful- 
phurick acid. This procefs fucceeded with me wonderfully well. 
For this purpofe I make ufe of a grafs cucurbit with its head, 
which I place on a fand bath. I then pour upon the borax half 
its weight cf fulphurick acid, and proceed to fublimation. 
The fubiimated acid is of the mod beautiful whitenefs. 

Stahl, and Lemery the younger, obtained the fame acid by 
making ufe of the nitrick and muriatick acids. 

To extract the acid of borax by cryftallization, the borax is 
diilblved in hot water, and an excefs of fulphurick acid is pour- 
ed in. A fait is depofited during the cooling on the fide of 
the yefTel, in the form of thin round plates, applied one up- 
on the other. This fait when dry is very light, very white and of 
a filvery appearance. It is the acid of borax. 

We are indebted to Geoffroy for this procefs. Baron has 
added two fa£ls : the firft, that the vegetable acids are equally 
capable of decompofing borax ; and the fecond, that borax may- 
be regenerated by combining the acid of borax with foda. 

This acid may be purified by folution, filtration, and evapo- 
ration ; but it mull be obferved, that a co-nfiderable part is vol- 
atilized with the water which flies off in the evaporation. 

The acid of borax has a falinecool taft'e. It colours the tinc- 
ture of turnfole, fyrup of violets, &c. red. 

Gne pound of boiling water dtflblved no more than one 
hundred and eighty-three grains according to Mr. De Morveau. 

Alcohol difiolves it more eafily j and the flame which this 
folution afFords-is of a beautiful green. This acid, when ex*» 
pofed to the fire, is reduced to a vitriform and tranfparent fub- 
ftance, inftead of riling ; which proves, as Rouelle has obferv- 
ed, that it is only fublimed by favour of the water,, with which 
it forms a very volatile cornpouncf. 

As molt of the known acids decompofe this acid, and exhibit 
it in the fame form, it has been thought a juftifiable conclufion 
that it exi'fts ready formed in the borax. Mr. Baume has even 
afnrmed that he compofed this acid by leaving a mixture of grey 
clay, greafe^ and cows dung expofed to the air in a cellar. But 
Mr. Wiegleb, after an unfuccefsful labour of three years and a 
half, thinks himfelf authorized to give a formal negative to the 
French chemift. 

Mr. Cadet has endeavoured to prove 1. That the acid of 

borax always retains a portion of the acid employed in the 
operation. 2. That this fame acid has ftill the mineral al- 
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kali for its bafis. — Mr. De Morveau has, with his ufual fagacity, 
difcufled all the proofs brought forward by Mr. Cadet ; he has 
Jhewn that none of them are conclufive, and that the acid of 
'borax is entitled to retain its place among the chemical ele- 
ments. 



ARTICLE I. 

Borate of Pot-afh. 

The acid of borax combined with pot-afh forms this fait. It 
may be obtained either by the dire£l combination of thefe two 
feparate principles, or by decompofing borax by the addition of 
pot-afh. 

This fait, which is yet little known, afforded Mr. Baum§ 
fmall cryftals. 

The acids difengage it by feizing its alkaline bafe, 

ARTICLE II. 

Borate of Soda. 

This combination forms Borax, properly fo called. 

It is brought to us from the Indies ; and its origin is ftill un- 
known.*- 

The article borax may be consulted in Bomare's Dictionary 
of Natural Hiftory 

It does not appear that borax was known to the ancients. 
The chryfocolla, of which Diofcorides fpeaks, was nothing but 
an artificial folder, compofed by the goldfmiths themfelves, 
with the urine of children and ruft of copper, which were 
beaten together in a mortar of the fame metal. 

The word Borax is found for the firft time in the works of 
Geber. Every thing which has been written fince that time 
concerning borax, is applicable to the fubftance which is at 
prefent known to us by that name. 

Borax is found in commerce in three different ftates. 



• The origin of Borax is very well afcertained in two Papers, in the 
feventy-feventh volume of the Philosophical Tranfaclions Number xxviii 
and xxix. It is dug up in a cryftallized ftate from the bottom of certain fait 
Jakes in a mountainous, barren, volcanick diftridt, about twenty-five dav* 
journey to the eaftward of Lafla, the capital of the kingdom of Thibet. T. 
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The firftis brute borax, tincall, or chryfocolla. ft comes id 
us from Perfia, and is enveloped and foiled by a greafy covering. 
The pieces of brute borax have almoft all of them the form of a 
fix-fided prifm, flight!)- flattened, and terminated by a dihedral 
pyramid. The fracture of thefe cryftals is brilliant, with a 
greenifh call. This kind of borax is very impure. It is pre- 
tended that borax is extracted from the Lake of Necbal, in the 
kingdom of Grand Thibet. This lar;e is filled with water dur- 
ing the winter, which exhales in the fummer ; and when the 
waters are low, workmen enter, who detach the cryftals from 
the muddy bottom, and put them into bafkets. 

The Weft-Indies contain borax. It is to My. Antony Carera, 
a phyfician eftablifhed at Potofi, that we are indebted for this 
difcovery. The mines of Riquintipa, and thofe in the neigh- . 
bourhood of Efcapa, afford this fait in abundance. The natives 
ufe it in the fufion of copper ores. 

The fecond kind of borax known in commerce comes from 
China. It is purer than the preceding, and has the form of 
fmall plates cryftallized upon one of their furfaces, on which 
the rudiments of prifms may be perceived. This borax is mix- 
ed with a white powder, which appears to be of an argillaceous 
nature. 

Thefe feveral kinds of borax have been purified at Venice 
for a long time, and afterwards in Holland •, but Meffrs. La- 
guiller refine it at prefent in Paris ; and this purified borax forms 
the third kind which is met with in commerce. 

In order to purify borax, nothing more is neceflary than to 
clear it of the unduous fubftance which foils it and impedes its 
folution. 

Crude borax added to a folution of mineral alkali, is more 
completely diflblved, and may be obtained of confiderable beau- 
ty by a firft cryftallization ; but it retains the alkali made ufe 
of : and borax, purified in this manner, poflcfies a greater por- 
tion of alkali than in its crude ftate. 

The oily part of borax may be deflroyed by calcination. By 
this treatment it becomes more foluble, and may in ht\ be puri- 
fied in this way. But the method is attended, with a confidera- 
ble lofs, and is not fo advantageous as might be imagined. 

The molt Ample method of purifying borax, confifts in boiling 
it ftrongly, and for a long time. This folution being filtrated, 
affords by evaporation cryftals rather foul, which may be puri- 
fied by a fecond operation fimilar to the foregoing. I have tried 
all thefe procefTes in the large way ; and the latter appeared to 
me to be the moll fimple. 
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^Purified borax is white, tranfparent, and has a fomewhat greafy 
appearance in its fraclure. 

It cryftallizes in hexahedrnl prifms, terminated by trihedral 
and fometimes hexahedral pyramids. 

It has a ftyptick tafte. 

It converts fyrup of violets to a green. 

When borax is e^pcfed to the fire, it fwells up, the water of 
cryftallization is diffipated in the form of vapour ; and the fait 
then becomes converted into a porous, light, white, and opake 
mafs, commonly called Calcined Borax. If the fire be more 
ftrongly urged, it affumes a pafly appearance, and is at length 
fufed into a tranfparent giafs of a greenifh yellow colour, folu- 
ble in water ; and which lofes its tranfparency by expofure to 
the air, in conference of a white efflorefcence that forms upon 
its furface. 

This fait requires eighteen times its weight of water, at the 
temperature of fixty degrees of Fahrenheit's thermometer, to 
diffolve it. Boiling water dilTolves one iixth of its weight. 

Barytes and magnefia decompofe borax. Lime-water precip- 
itates the folution of this fait ; and if quick-lime be boiled with 
borax, a fait of fparing folubility is formed, which is the borate 
of lime. 

Borax is ufed as an excellent flux in docimaflick operations. 
It enters into the compofition of reducing fluxes, and is of the 
greatefl ufe in analyfes by the blow-pipe. It may be applied 
with advantage in glafs manufactories •, for when the fufion 
turns out bad, a fmall quantity of borax re-eflablifhes it. It is 
more efpecially ufed in foldering. It affifts the fufion of the 
folder, caufes it to flow, and keeps the furface of the metals in a 
foft or clean Hate, which facilitates the operation. It is fcarce- 
]y of any ufe in medicine. Sedative fait alone is ufed by fome 
phyficians •, and its name fufficiently indicates its application. 

Borax has the inconvenience of fuelling up, and requires the 
greateft attention on the part of the attift who ufesit in delicate 
works, more efpecially when defigns are formed with gold of 
different colours. It has been a long defideratum to fubfHtute 
fome compofition in the room pf borax, which might poffefs its 
advantages without its defects. 

Mr. Georgi has publifhed the following procefs : — « Natron, 
mixed with marine fait and Glauber's fait, is to be diffolved in 
lime-water ; and the cryftals which feparate by the cooling of 
the fluid may be fet apart. The lixivium of natron is then 
to be evaporated ; and this fait afterwards diffolved in milk. 
The evaporation affords fcarcely one eighth of the natron em- 
ployed, and the refidue may be applied to the fame ufes as 
borax.'* 
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Mcflrs. Struve and Exchaquet have proved that the phofphate 
.of pot-afh, fufed with a certain quantity of fulphate of lime, 
forms an excellent glafs for foldering metaJs.r-See the Journal 
de Phyfique, t. xxix. p. 78, 79. 



ARTICLE III. 

Borate of Ammoniack. 

This fait is ftill little known. We are indebted to Mr. De 
Fourcroy for the following indications :— He difiblved the acid 
of borax in ammoniack, and obtained by evaporation a bed or 
plate of cryitals connected together, whofe furface exhibited 
polyhedral pyramids. This fait has a penetrating and urinous 
talte ; it renders the fyrup of violets green ; gradually lofes its 
cryftalline form, and becomes of a brown colour, by the contact 
of air. It appears to be of confiderable folubility in water. 
JLime difengages the volatile alkali. 
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PART THE SECOND, 



CONCERNING LITHOLOGY ; OR AN ACCOUNT OF 
STONY SUBSTANCES. 



INTRODUCTION. 



1 HE object of Lithology confifts in the itudy of 
ftones and earths. 

It is generally agreed to call thofe fubftances by the name of 
Earth or Stone, which are dry, brittle, inodorous, infipid, fcarce- 
ly or not at all foluble in water, and of a fpecifick gravity not 
exceeding 4,5. 

There is no one who has ferioufly attended to the ftudy of 
lithology, without being at the fame time aware of the neceffity 
of eftablifhing divifions to facilitate the knowledge of ftones, 
and to remove the numberlefs difficulties which would otherwife 
oppofe the acquifition of that knowledge. 

It is an obvious difference between living creatures and the 
fubjedts of the mineral kingdom, that thefe lafl are continually 
modified by external caufes, fuch as air, water, fire, &c. while 
the former, being animated and governed by an internal force, 
pofTefs characters of a more definite and unchangeable nature. 
The forms of thefe deprend upon their organization ; and, in 
general, the proceedings of nature reflecting them are more con- 
stant, and better afcertained. 

The earthy element appears to be paffive of itfelf ; it is obe- 
dient oilly to the laws of inanimate bodies ; and we mav refer 
all the phenomena of formation or decompofition, which a ftone 
is fufceptible of, to the mere law of affinities. 

This, no doubt, is the caufe of that variety of forms, and that 
mixture of principles, which fcarcely permit the naturalift to ef- 
tablifh his fyftem upon fixed bafes, or to found it upon conflant 
and invariable characters. 

If we take a view of the proceedings of all the naturalifU 
who have hitherto written, we may eafiiy reduce them to three 
Pes. 



f]6 C# the Clajjificathk 

1. The fir ft clafs, carried by the imagination alone to thaft 
epocha when this globe iffued from the hands of the Creator, 
have followed the actions of the various deftructive agents 
■which alter or overturn its furface. In this way they have fhewn 
tis the various rocks fucceffively depofited or placed upon the 
primitive globe ; and, by furveying the great phenomena which 
have happened upon our planet, they have acquired ideas more 
or lefs accurate refpecting the vaft works of decomposition and 
formation. 

2. Others have bufied themfelves in enquiring, by analyfis,' 
what are the earths or primitive matters out of which all the 
fiones we are acquainted with are compofed. This clafs of phi- 
lofophers have fupplied us with the moffc valuable acquifitions 
refpecting the nature, the ufes, and the decompofitions of thefe 
fubftances : but the refults of analyfis, though necefTary in ac- 
quiring accurate notions of each (tone, are not of themfelves 
fufficient to form the balls of a method of claffing j becaufe 
thefe char act ers are too difficult to be acquired, and at moft can 
be only ufed as fupplementary in the eftablifhmentof fuch other 
methods as may be employed. 

3. Almoft all the fyfiems of claffrfication hitherto adopted, 
are founded upon the external characters of earthy fubftances. 

Some naturalifts have fought, in the variety of forms exhibit- 
ed by the productions of the mineral kingdom, fuch principles of 
divifion as to them appeared fufficient. But not to mention 
that the fame form frequently obtains in very different (tones, 
this character is rarely found, and we are ignorant of the crys- 
tallization of moft of the known earths : the cryftallization can- 
not therefore be confidered but as an acceffary or fecondary cir- 
cumltance. 

Other naturalifts have eftabnfhed their dlvifions upon certain 
properties eafy to be afcertained, fuch as that of effervefcing 
with acids, giving fire with the fteel, &c. But thefe characters 
do not appear to be fufficiently ftrict, nor fufficiently exclufive ; 
for nothing is more common than to find a mixture of the frag- 
ments of primitive rocks with thofe of calcareous ftones. Our 
province exhibits examples of this every ftep we take ; and 
thefe mixtures hardened by time, poffefs both the forementioned 
characters. There are alio ftones which, without changing 
their nature, give fire with the ftee!, or effervefce with acids, 
accordingly as they are more or lefs divided. Such is the lapis 
lazuli, which efferveices when pulverized, but ftrike's fire when 
rn the mafs; the flate likewife effervefces when in powder, but 
not in the mafs. The clarification, therefore, which is founded 
on thefe characters, is not rigorous, and may at the moft be made? 
in conjunction with oth 
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M. D'Aubenton is the naturalifl: who appears to me to have 
tliflributed mineral fubftances with the greateft order of any who 
has hitherto undertaken that talk; every thing which he fays 
on this fubject fhews the experienced eye of the obferver ; and 
he has drawn from the external characters of bodies all the 
characters poffible to be had from that fource. But he could 
not avoid the defects which neceffarily accompany the princi- 
ples on winch he has founded his fyftem. 

Deeply impreffed with a fenfe of the infufSciency of thefe 
methods, as well of the flight opportunities I have pofTefTed of 
improving them, my endeavours have been exerted in colledtinp- 
together all the characters which are capable of affording any 
ufeful indications. In this purfuit, I have joined the charac- 
ters of the naturalifl to thofe of the chemift ; and though the 
method which I have adopted be very far from that degree of 
perfection which might be defired, I neverthelefs prefent it to 
the publick with confidence. It differs but little from that fol- 
lowed by MefTrs. Bergrr.ann and Kirwan •, a circumftance which 
at leaft affords a prejudice in its favour. The peculiar advanta- 
ges which, in my opinion, "it appears to poffefs, are — i. Ths 
lithologick productions are diftributed equally, and into three 
claries. 2. All the analogous productions are brought together, 
and arranged as it were in a natural order. In a word, this fyfiem, 
has fixed my own ideas in the mofl precife manner ; and this 
has more particularly induced me to propofe it to the publick.* 

The various earths beneath our feet are, in general, combina- 
tions ; and chemifts, by decompofing thefe fubftances, have fuc- 
Ceeded in obtaining, in the laft analyfis, principles which may 
be confidered as earthy elements, until fubfequent scquifitions 
fhall either confirm or deftroy our ideas on this fubject. 

• I confjder what is here publifhed refpe<fting Lithology as a fimple and 
fhort fketch of the principles which I explain in my Ledtures. It would be 
judging me with too much fevcrity, if the reader were to fuppofe that my 
prelcnt dtfign is to exhibit a complete performance. 

A more intimate acquaintance with, this fubject may be obtaiued by the 
perufal of the following works : 

1. EfTai d'un Art dtr Fution a l'Aide de 1'Air Vital, par Erhmann. Me'- 
moircsdc M. Lavoifier fur le mfme fujet. — Memoirs de M. D'Arcet, fur l'Ac- 
tion d'un Feu egal, violent, et continu, fur un grand nombre de Terres, Pi- 
erres, &c. 

2. The woiks of Margraffand Pott, more efpecially the Lithogeogncfie of 
the latter. 

3. Les Pefanteurs Spccifiques des Corps, per M. Briffon. 

4. Elements of Mineralogy, by Mr. Kirwan. 

5. Le Manuel due Mineralogifte de Etrgmann, enrichi de Notes par M. 
1'abbe Mongez. 

6. La Mincralogie de M. Sage. 

7. Les Ouvrages fur la Chryftallographie dc M. Rome' deLifle, de M. 1'Abbft' 
Many, cVc. 

Y 



*78 Lime % or Culcareout Earth. 

The earthy elements mod extenfively diftributed are five in' 
number ; namely, Lime, Magnefia, Barytes, Alumine andSilex. 

We fliall not treat of the other primitive earths announced by 
Mr. Klaproth, in the adamantine fpar, and in the jargon of Cey- 
lon, becaufe they are yet too flightly known and too fcarce, to 
have any influence upon our prefent divifion. 

Nature appears to have formed all the mixtures and combina- 
tions which conltitute ftones, out of the primitive earths here 
fpoken of. 

If we direct our attention to the nature of thefe mixtures and 
combinations, we fhall diftinguifh three habitudes, or modes, 
which eftablifli three grand divifions. We fhall immediately per- 
ceive that thefe earths are, in fome inftances, combined with acids t 
which form faline ftones ; that in other inftances they are mixed 
with each other, and form ftones properly fo called, and that in 
other inftances again, thefe ftones fo formed by the mixture of 
primitive earths, are united together, or fixed in a gluten or 
cement, which forms rocks, pebbles, or compound ftones. 

We fhall therefore diftinguifh three clafies in Lithology : the 
firft will comprehend faline ftones ;. the fecond ftones, properly 
fo called, or earthy mixtures ; and the third rocks, or ftony ad- 
mixtures. 

We confider it as indifpenfably neceffary to explain the nature 
of the primitive earths, before we can proceed to treat of their 
combinations; 

I. Lime. 

This earth has been found totally difertgaged from all combi- 
nation, near Bath. — See Falconer on the Bath Waters, vol. i. p* 
156 and 157. But as this is perhaps the only obfervation of the 
kind which we poffefs, it is indifpenfably neceflary to (hew the 
procefs by which lime may be obtained in a ftate of the greateft 
purity. 

For this purpofe chalk is to be wafhed in boiling diftilled wa- 
ter, then difTolved in diftilled acetous acid, and precipitated by 
the carbonate of ammoniack, or mild volatile alkali. The pre- 
cipitate, being wafhed and calcined, is pure lime. 

This earth pofFefles the following characters : 

%. La Tableau Methodique des Mineraux, par M. D'Atibenton. 

9. La Mineralogie de M. le Comte de BulTon ; in which that celebrated 
writer has collected a gteat number of valuable fadb, whofe merit is inde- 
pendent of all theory. 

10. The Mineralogical Works of MerTr*. Jars, Dietrich, de Born, Ferber, 
Trebra, Palla«, Gmelin, Linne, Dolomien clc Sauflure dc la Peroule, &c. 

11. The excellent A'lalyfes of Stone?, publiflied from time to time by Pott, 
Margraff, Bayen, Bergtnann, Gerard, Schtcie, Achard, Mongez, Sec. 
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9. It is foluble in fix hundred and eighty times its weight of 
water, at the temperature of fixty degrees of Fahrenheit. Kirwan. 

2. It has a penetrating, acrid, and burning tafte. 

3. Its fpecifick gravity is about 2,3 according to Kirwan, and 
2,720 according to Bergmann. 

4. It feizes water with great avidity ; at the fame time that 
it falls into powder, increafes in bulk, and emits heat. 

5. Acids diflblved it without effervefcence, but with the pro- 
duction of heat. 

6. The borate of foda, or borax, the oxides of lead, and the 
phofphates of urine, diflblve it by the blow-pipe without effer- 
vefcence. 

It appears to be infufible alone, as It has refilled the heat of 
flame urged by a ftream of vital air. — See the Memoir of Mr. 
Lavoifier. 

When it is mixed with acids, it forms a fufible combination \ 
and k haftens the fufion of aluminous., filiceous, and magnefinti 
earths, according to the experiments of Meffrs. Darcet and 
Bergmann. 

II. Barytes, or Pondrous Earth. 

We are indebted to the celebrated chemifts Gahn, Scheele, 
and Bergmann for our knowledge of this earth. 

It has not yet been found exempted from all combination ; 
but in order to obtain it in a fuitable degree of purity, the fol- 
lowing procefs may be ufed : 

The iulphate of barytes, or ponderous fpar, which is the moft 
ufual combination met with on the eirth, is to be pulverized, 
and calcined in a crucible, with an eighth part of powder of 
charcoal : the crucible muft be kept ignited during an hour -, 
after which the calcined matter is to be thrown into water : 
it communicates a yellow colour to this fluid, at the fame time 
that a flrong fmell of hepatick gas is emitted ; the water is then 
to be filtered, and muriatick acid poured in : a confiderable 
precipitate falls down, which muft be feparated from the fluid 
by filtration. The water which paffes through the filter holds 
the muriate of barytes, or marine fait of ponderous earth, in 
iblution. The carbonate of pot-afh, or mild vegetable alkali, 
in folution, being then added, the ponderous earth falls down, 
jn combination with the carbonic!; acid ; and this laft principle 
may be driven off by calcination. 

1 . Pure barytes is of a pulverulent form, and extremely white. 

2. It is foluble in about nine hundred time; its weight of dif- 
tilled water, at the temperature of fixty degrees, according to 
JCirwan. 
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3. The Prufliate of pot-afh, or Pruflian alkali, precipitates it 
from its combination with the nitrick and muriatick acids. 
This habitude diftinguifhes it from other earths. — See Kirwan. 

4. It precipitates alkalis from their combinations with acids. 

5. Barytes expofed, by Mr. Lavoifier, to flame fed with oxi- 
gcnous gas, was fufed in a few feconds : it extended itfelf upon 
the furface of the coal ; after which it began to burn and deto- 
nate until the whole was nearly diflipated. This kind of inflam- 
mation is a character common to metallick fubftances ; but 
when the barytes is pure it is perfectly infufibie. — See Lavoifier. 

Ponderous earth urged by the blow-pipe makes little effervef- 
cence with foda, but is perceptibly diminifhed : it diflblves in the 
borate of foda with efrervefcence, and ilill more with the phof- 
phates of urine. — See the abbeMongez, Manuel duMineralogifte. 

6. Its fpecifkk gravity exceeds 4,000, according to Kirwan. 

III. Magnefia, or Magnefian Eartfa. 

This earth has been no where found difengaged from all for- 
eign fubftances ; but in order to obtain it in the utmoft poffible; 
flate of purity, the cryftals of the fulphate of magnefia, or Ep- 
fom fait, are to be diflblved in diftilled water, and decompofed 
by the carbonate of alkali. The precipitate muft then be cal- 
cined, to difengage the carbonick acid. 

1. Pure magnefia is very white, very friable, a,nd, as it were, 
fpongy. 

2. Its fpecifick gravity is about 2,33, according to Kirwan. 

3. It is not perceptibly foluble in water when pure ; but when 
It is combined with the carbonick acid, it is foluble •, and cold 
water has a ftronger action on it than hot, according to the ex- 
periments of Mr. Butini. 

4. It has no perceptible action on the tongue. 

5. It flightly converts the tincture of turnfole to green- 

6. Mr. Darfet has obferved, that a ftrong heat agglutinates 
it more or lefs ; but Mefirs. De Morveau, Butini, and Kirwan, 
found that it was not fufible j and the experiments of Mr. La- 
voifier have proved .that it is as infufibie as barytes and lime. 

The borate of foda, and the phofphates of urine, diffolve it 
with eiTervefcence. — See the abbe Mongez. 

IV. Alumine, or Pure Clay. 

This earth is not more exempt from mixture and combination 
than the foregoing ; and in order to obtain it in a flate of puri- 
ty, the fulphate of alumine is diiTolved in water, and decompof- 
ed by effervefcent alkalis. 
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f . Pure clay feizes water with avidity, and may then be 
kneaded. It adheres ftrongly to the tongue. 

2. Its fpecilick gravity does not exceed 2,000, according to 
Kir wan. 

3. When espofed to heat, it dries, contracts, (brinks, and be- 
comes full of clefts. A considerable degree of heat renders it 
fo hard that it gives fire with the fteel. 

When it lias been well baked, it is no longer capable of unit- 
ing with water ; but requires to be diffolved in an acid, and pre- 
cipitated, in order that it may refumethis property. 

The experiments of Mr. Lavoifier fhew that pure aiumine is 
capable of an imperfect fufion, approaching to the confidence 
of pafte, by heat excited by a current of vital air. It is then 
transformed into a kind of very hard (lone, which cuts glafs like 
the precious ftones, and which very difficultly yields to the file. 

The mixture of chalk fingularly alfifts the fufion of this earth : 
it is fufible in a crucible of chalk, according to Mr. Gerhard, 
but not in a crucible of clay. 

The borate of foda, and the phofphates of lime, diffolve it. — 
See Kirwan and the abbe Mongez. 

According to the experiments of Mr. Dorthes, the pureft na- 
tive clays, and even that which is precipitated from alum, con- 
tain a fmall quantity of iron in the ttate of oxide ; and it is from 
this principle that the earthy fmell which is emitted by moiften- 
ed clays, arifes : it is very difficult to deprive them of it. 

V. Silex, or Quartzofe Earth, Vitrifiable Earth, &c, 

This earth exifts nearly in a ftate of purity in rock cryftal. But 
when it is required to be had in a ftate of purity free from all 
fufpicion, one part of fine rock cryftal may be fufed with four 
of pure alkali. The fufed nvafs muft then be diffolved in water, 
and precipitated by an excefs of acid. 

r. Pure filex poffeffes a lingular degree of roughnefs and af- 
perity to the touch. It is abfolutely void of all difpofition to ad- 
here ; and its particles, when agitated in water, fall down with 
extreme facility. 

2. Its fpecifick gravity is 2,65 

3. Bergmann had affirmed that water might diffolve it ; and 
Mr. Kirwan has pretended that 10,000 parts of water might 
hold one of filex in folution, at the ordinary temperature of the 
atmofphere ; and might even take up a greater quantity at a 
higher temperature. 

The fluorick acid diffolves it ; and lets it fall when it comes 
in contact with water, or when it is confidcrably cooled. 
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5- Alkalis diflblve it in the dry way, and form glafs ; buj 
they attack it likewife in humid way, and are capable of diifolv- 
ulg one fixth pari of their weight when it is in a ftate of extreme 
divifion. 

6. The burning mirror does not fufe it ; but a current of vi- 
tal air produced a commencement of fufion on its furface. — See 
Lavoifier. 

Before the blow-pipe foda diflblves it with effervefence. The 
borate of foda diflblves it fiowly, and without ebullition. 



class 1. 

Concerning the Combination of Earths with Acids. 

This clafs, which comprehends the combination of primitive 
earths with acids, naturally exhibits five genera. 

GENUS 1. 

Earthy Salts with Balis of Lime. 

The combination of lime with various acids affords the fever- 
al fpecies of calcareous falts comprehended in this genus. 

SJPECIES I. 

Carbonate of Lime, or Calcareous Stone. 
/ 

The combination of lime with the carbonick acid is very com- 
monly met with, and comprehends all the flones which have 
hitherto been diltinguilhed under the names of lime-flone, cal- 
careous itone, &c. 

The characters of the carbonates of lime are — 1. They ef? 
Fervefce with certain acids. 2. They are converted into limi 
by calcination. 

The formation of thefe ftones appears to us to be for the 
moft. part, owing to the wearing down of (hells. The identity 
of the conftituent principles of ihells and calcareous ftones, and 
the prefence of thefe fame fhells, more or ltfs altered, in the 
Rme-ftone mountains, authorize us to conclude that a great 
part at leaft of the calcareous mafs of cur globe owes its origin 
to this caufe only. 

Though our imagination appears to afTent with difficulty in 
referring effects of fo wonderfully extenfivc a nature to a caufe 



Cryjlall'fzed Calcareous Stones; 18-3: 

apparently fo weak, we are compelled to admit it when we take 
a flight view of the known hiftory of fhells. 

In fact, we obferve the numerous clafs of fhell animals 
which poffefs this ftony covering almoft at the inftant of their 
origin. "We fee it infenfibly become thick and enlarged by the 
appofition of new coverings ; and this fhell at length comes to 
occupy a volume fifty or fixty times larger than that of the ani- 
mal which produced it. Let us confider the prodigious num- 
ber of animals that emit this flony tranfudation ; let us attend 
to their fpeedy augmentation, their multiplication, and the fhort 
period of their life, the mean term of which is about ten years, 
according to the calculation of the celebrated Buffon ; let us 
multiply the number of thefe animals by the mafs of fhell they 
leave behind them — and we (hall then arrive at the mafs which 
the fhells of one fingle generation ought to form upon this 
globe. If we proceed further to confider how many genera- 
tions are extin£t, and how many fpecies are loft, we fhall be no 
longer furprized to find that a considerable part of the furface 
of the globe is covered with their remains. 

It may eafily be conceived that thefe fhells when carried 
along by currents of water, muft flrike together and wear their 
refpeclive furfaces ; and that their pulverulent remains, after 
being long carried about and fufpended by the waters, muft at 
Jail fubfide, and form heaps or banks of fhells, more or lefs al- 
tered according to circumftances. 

But whatever may be admitted as the origin of this ftone, it 
is found to exift in two principal ftates ; that is to fay, either 
in the form of cryftals, or of irregular mafles. 

I. Cryfhllized Calcareous Stones. 

A concurrence of circumftances which very feldom meet to- 
gether, is required, in order that cryftallization may take place. 
This is doubtless, the reafon why fpars and calcareous cryftals 
compofe the fmalleft part of this genus. The cryftals are 
found in cavities of calcareous mountains ; in the clefts which 
penetrate into the internal part of ftonesof this clafs ; and gen- 
erally in all places where waters find accefs, after having worn 
down calcareous ftone to a ftate of extreme attenuation, nearly 
corrcfpondent to folution. 

Calcareous ftone, in its cryftallized ftate, prefents us with 
feveral varieties of form ; but the rhomboidal figure appears to 
be the molt conftant and the moll general. The environs of 
Alais abound with rhomboidal fpars of the greateft beauty ; 
they are tranfparent like thofe of Iceland, and double objects ia 
the fame manner. 



2 $4 Calcareous Stones not CryJlaUlzed* 

It often happens that a group of rhomboidal cryftals exhibits* 
r.t its furface a number of pyramids more or lefs prominent, 
which confift of the angles of rhomboids of different degrees of 
length. It cannot but be admitted, with Mr. Rome de Lifle, 
that the pyramidal form is a flight modification of the rhom- 
boid j for if a pyramid of fpar be broken, it is reduced into ele- 
ments of a rhomboidal figure. 

The principal varieties of the pyramidal form are deduced 
more eipecially from the number of their fides ; and when the 
pyramid is long and fharp, it is called dog-tooth fpar, or hog- 
tooth fpar. 

Calcareous (tones often affect the prifmatick form ; and this is 
likewife attended with fome varieties. 

The prifm is frequently fix-iided and truncated ; fometimes 
it is terminated by a trihedral pyramid ; and when the prifm is 
very fhort, and its fummit is almofr. entirely in contact, with the 
ground, the cryftal is known by the name of Lenticular Spar. 

All the varieties of form which cryftallized calcareous ftones 
have hitherto prefented, may be feen in the Cryflallography 
of Mr. Rome de Liile. 

The fpecifick gravity of calcareous fpars is about 2.700 
when pure, according to Kirwan. 

They contain from thirty-four to thirty-fix parts of earbonick 
acid, and from fifty-three to fifty-five of earth ; ihe' red is water. 
—See Kirwan. 

Spars often exhibit a fmooth uniform furface, upon which; 
the fulphurick acid takes but flight hold : they are fometimes 
contaminated with iron, which gives them various tinges. 

II. Calcareous Stones which are not cryftallized. 

Few calcareous flones affect any regular form : they lie al- 
rnofl always in ftrata, or immenfe blocks thrown or heaped to-: 
gether on the furface of the globe, in which we cannot reafon- 
ably pretend to difcern any primitive defign of cryftallization. 
The notion itfelf which we have of the formation of thefe 
mountains, and the ftratified difpofition of their parts, does not 
allow us to difcern any other effect than the natural confequence 
of the flowing of water, which mult have occasioned a contrac- 
tion, and difpofed the rocks in ftrata or beds. 

It feems to me that two very natural divifions may be eftab- 
liflied among calcareous ftones which are not cryftallized : for 
they are either fufceptible of a perfect polifh, in which cafe they 
are called marbles and alabaftcrs ; or they are not fufceptible 
of this polifh, in which cafe they are called friable earths, tufa, 
&c. 
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A. Calcareous (tones fufceptible of a perfect polifh. 

Although it be proved from the experiments of chemifts, and 
more efpecially from thofe of Mr. Bayen, that marbles contain 
a greater or lei's proportion of clay, we are under the neceffity 
of placing them here : becaufe the calcareous earth predomi- 
nates to fuch a degree, that they cannot with propriety be placed 
elfe where ; and becaufe they poflefs all the characters of lime- 
ftone. 

Marbles differ from other calcareous ftones by the polifh o£ 
which they are fufceptible ; and they are diftingui tried from each 
other by their colours. 

White marble is ufually the pureft. We are acquainted with 
the marble of Carrara, and the ancient ftatuary marble of Paros. 

Black marble is coloured either by bitumen or by iron. Mr. 
Bayen found this metal in, the proportion of five parts in the 
hundred. When it is veined by pyrites, it is called Portor. 

There are an infinite number of varieties of coloured marble. 
The colouring part is in general owing to the alterations of the 
iron, which is fometimes obedient to the magnet, according 
to an obfervation of Mr. De Lifle. Blue and green marbles owe 
their colours to a mixture of fchorle, according to Rinmann in 
his Hiftory of Iron. 

The marble which prefents the figure of fhells appears to be 
formed limply out of a heap of fhells connected by a calcareous 
cement ; it is known by the name of Lumachello. That o£ 
Bleyberg in Carinthia forms one of the moft beautiful fpecies. 

The marble which is called figured marble, exhibits either 
traces of vegetables, as that of Hefle ; or ruins and rocks, like 
that of Florence. The dendrites appear to be formed merely 
by ferruginous infiltrations through the cracks of theie ftones. 

Several naturalifts have mentioned flexible marble. Father Jac- 
quier defcribed this in 1764, in the Gazette Litteraire ; and the 
abbe De Sauvages has communicated to the Academy of Mont- 
pellier a defcription of the plates of flexible marble which are in 
the Palais Burgeoi:;. 

Alabafters are calcareous (tones of the nature of marble : they 
appear to be formed like the ftalattites, and are fometimes a- 
dorned with the moft beautiful colours : thefe in general poflefs 
a certain tranfpnrency, with a (tratiform texture varioufly col- 
oured, and caufe a double refraction of the light when they are 
fuflicicntly tranfparent. In the treatile of Mr. Briflbn on the 
fpecifick gravity of bodies, the reader will find the refult of his 
valuable experiments on that of marbles, alabafters, and general- 
ly all the calcareous (tones. 
Z 
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B. Calcareous (lone not fufceptible of a perfect polifh. 

Calcareous (tones which are not fufceptible of a perfect poliuV 
are found either in m'affes, or in the pulverulent form ; which 
circumftance will afford a foundation for our natural diftinclion. 

i. Solid calcareous (tone is in general the (tone ufed for build- 
ing ; and this is found in fevered varieties, differing in (inenefs 
of grain, porofity, colour, confidence, or weight : Thefe are 
gradations which eftablifli the feveral qualities of (tones; and 
are the caufe why one hardens in the air, while another is de- 
compofedi On thefe feveral accounts it is that the refpeclive 
varieties are applied to various ufes •, and it is the bufinefsof the 
fkilful artift who ufes them to diftinguifh their qualities. 

In the number of thefe (tones ufed for building, there are fome 
which imbibe and retain water, in confeqiience of which they 
are burft or crumbled by the froft ; whereas others fuffer the 
water which they originally contained" to efcape and become 
harder by the contact of the air. 

2. Calcareous ftone" is fometimes found in the pulverulent 
form. Chalk is of this kind ; and when it is white, and 
very finely divided, it is formed into thofe maffes known in com- 
merce by the name of Spanifli White. For this purpofe it is 
agitated in a vefitl with water. The foreign fubftances, fueh 
as flints,, pyrites, &c. are precipitated ; the water is then decant- 
ed ; and the chalk, which is held fufpended, very foon fubfides : 
this is dried, and divided into long fq.uare pieces, to form the 
Spanifli White. 

When a natural dream of water wears away this chalk, and 
afterwards depofkes it, the refult has been diftinguifhed by the 
name of Gurrh ; and when this pofTefTes a certain confidence, 
arifing from the mixture of argillaceous arid magnefian earths, 
it is diftinguiflied by the name of Agarick Mineral. 

As calcareous earth is fufceptible of extreme divifion, the wa- 
ter which wears it away, and is afterwards filtered through the 
clefts in rocks, depofrles it gradually, and forms thofe incrufta- 
tions known by the vulgar under the name of Petrefactions, and 
by that of Stalactites among naturalifts. 

Thefe calcareous depofitions very frequently preferve the form 
of fuch fubftances as they have covered, and prefent figures of 
mofs, roots, fruit, &c. which has given rife to an opinion that 
thofe fubftances were transformed into (tone. 

The increafe of ftalacYites, being accomplished by addition to' 
their external furfaces, their texture exhibits concentrick coats 
of different fhades, accordingly as the water may have becn- 
charged with different colouring principles. 
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The cavities which are frequently found in calcareous moun- 
tains are often lined with ftalacYites ; and thefe grottos form one 
of the molt ftriking appearances which can prefent itfelf to the 
eyes of the naturalift. 

The grandeur of thefe fubteraneous places, the ab fence of light, 
the feeble glimmering of a torch, which only half enlightens the 
furrounding objects, render thefe regions gloomy, mnjeftick, 
and impofing. The multiplicity of figures, the variety ot forms, 
and their refemblance to other objects, never fail to caufe a high 
degree of aftonifhment in the mind of themineralogical ftudent. 
Among the infinite number of thefe forms, there are fome which 
are very agreeable, fuch as the flos ferri, cauliflowers, lace, or 
fringes. Other very fingular figures are bkewife found, fuch 
as the priapolithes, pifojithes, polithes, &c. 

Mr. Lougeon of Ganges has obferved, in the grotto called 
Des Demoilelles, a number of forms fo vajied and flrange, as to 
exhibit a very aftonifhing collection. 

Thefe tranfudations, or rather thefe ftoay depoGtions, have 
given rife to a belief in the vegetation of ftones. The celebrat- 
ed Tournefort was of opinion that he had obferved nature in the 
very fact, in the famous grotto of Antiparos, where he faw in- 
fcriptions engraved in the ftone, but afterwards converted into 
reliefs. Baglivi has written a treatife on the vegetation of ftones, 
-in which he cites many fa£ts of this nature. 

All the world is acquainted with the depofitions of the fpring 
in the vicinity of Clermont ; hut the moft furpizing of all pet- 
jrefying waters is that of Guancavelica in Peru. Barba, D. Ulloa 
and Fiezier, have given us a defcription of it. Feuille informs 
us that this water rifes very hot in the middle of a fquare ba- 
fon, and becomes petrefied at a fmall diftance from the fpring. 
The water is a yellowifh white, and the incruftations have been 
ufed to build the houfes of Guancavelica. The workmen fill 
moulds with its water and fome days afterwards they find them 
incrufted with this ftone. The ftatuaries expofe their moulds 
iri this fpring, and have only to give the polifh in order to ren- 
der their (tatues tranfparent. All the ftatues ufed in religious 
ceremonies, by the catholicks of Lima are of this fubftance, 
and are very beautiful — Journal des Obferv. torn. i. 434. 

In the year 1760, Mr. Vegni devifed a method of making a 
fimilar ufe of the very white chalk which is contained in the wa- 
ters of the baths of St. Philip in Tufcany. For this purpofe the 
water is fuffered to run for the fpace or near a mile, in order 
that it may depofite the fulphur, the felenite, and the tufa which 
it contains ; and in this purified flare it is ufed in the fabrica- 
tion of baa reliefs. It is introduced at the«oof of a building, 
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into a clofct conftrucled of planks fitted together. The water 
falls from twelve to fifteen feet in height, upon a wooden crofo 
placed on a poft ; by which fall it is divided, and dallies late- 
rally againft fulphur moulds, which are placed on the fides of 
the cabinet In this way it depofites the particles of the earth 
"which it contained, and the mould becomes filled. Mr. Vegni 
placed the moulds upon pieces of wood which are moved cir- 
cularly. This alabafter is as hard as marble ; and the incrus- 
tation is more beautiful, and harder, in proportion as the pofi- 
tion of the mould is more vertical^ and its diftance greater. 

The Analyfis and Ufes of Calcareous Stone, 

In 1755, ^ r - Slack proved that calcareous ftone pofTeffes, as 
one of its component parts, an air different from atmofpherick 
air. He afferted that calcareous ftone when deprived of this 
air by calcination, forms lime ; and that lime might again pais 
to the ftate of calcareous ftone by refuming the principle it had 
been deprived of. In 1764, Macbride Supported this doffrinc 
by new facts. Jacquin added other experiments to thefe ; and 
proved that lime and alkalis owe their caulticity to the Subtrac- 
tion of this fixed air, at the fame time that he pointed out fev- 
cral methods of depriving them of it. 

The procefTes which are moft commonly ufed for the de- 
composition of lime-ftone, are fire and acids ; the firft is ufed 
in the making of lime ; the fecond in laboratories, when it is 
intended to procure the carbonick acid. 

In order to form lime, the calcareous ftone is calcined in fur- 
naces, whofe conftruclion is varied according to the nature of 
the oombuftibles made ufe of. 

When pit-coal is ufed, an inverted cone is conftructed of 
vitrifiable ftone, which is filled by alternate ftrata of coal 
and lime-ftone •, and the lime is taken out, after the operation, 
by an aperture at the top. In proportion as the mafs fubfides, 
care is taken to fupply the furnace at the top, in order that the 
ilame and heat may not be loft. 

Bergmann has obferved that moft fpecimens of calcareous 
ftone which become black or brown by calcination, contain 
inanganefe, and that the lime which they produce is excellent. 

According to Rinmann, the white calcareous ftones which 
become black by calcination, contain about one tenth part of 
this fubftance. 

Calcination deprives lime-ftone of the acid and water which 
It contained. Thefe two principles are evidently replaced by the 
snatter of heat itfelf.* The odour of fire which quick-lime emits ; 
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the light which it affords when flackened in a dark place ; the 
colour which it communicates to the lapis caufticus ; the prop- 
erty which it poffeffes of producing the oxide and the glances of 
lead — all prove to us, as Mr. Darcet obferves in the Journal 
de Phyfique for 1783, that in proportion as the calcareous Hone 
js deprived of the aeriform principle, it combines with the ig- 
neous principle, which cannot be difplaced but by the way of 
affinities. The beautiful experiments of Meyer, when diverted 
pf all theory prove the fame thing. 

It is proved, from the experiments of Dr. Higgins, that the 
belt lime is that which is made with the hardeft and molt com- 
pact ftone broken into fmall pieces, and heated flowiy, until the 
furnace is become of a white heat. This heat mull be kept up 
until the ftone is no longer capable of effervefcing with acids. 
The lime becomes over-burned if the ignition be carried to a 
greater degree ; and the produce is then a frit, which is no 
longer capable of being divided in water, or of refuming with 
avidity the principles it had loft. 

"When pieces of calcareous ftone of different fizes are cal- 
cined, the lime will not all be of equal goodnefs ; the fmall pieces 
confuting of over-burned lime, while the larger pieces are fcarce- 
ly altered in their central parts. 

The beft lime is that which is the molt quickly divided by 
immerfion in water, and affords the greateft quantity of heat in 
this procefs, which caufes it to fail into the fineft powder. 
Good lime fhould likewife diffolve in the acetous acid without 
effervefcence, and leave the leaft poffible quantity of refidue. 

Lime continually endeavours to refume the acid and the wa- 
ter of which the ftone was deprived by calcination : confequent- 
ly, when it is left expofed to the air, it cracks, becomes heat- 
ed, falls into powder with an increafe of bulk, and refumes the 
property of effervefcing. It is therefore of importance to ufe lime 
newly made, if the artift be defirous of poffefhng its whole force. 

Lime is fparingly foluble in water, and this folution is called 
lime-water ; the lime may be precipitated by means of carbon- 
ick acid, which regenerates calcareous ftone in the form of a 
precipitate. 

Lime-water is ufed to indicate the prefence, and determine 
the proportion, of carbonick acid in any mineral water. 

Phyficians prefcribe it as an ablorbent and detergent. 

When lime-water is left in contact with the air of the atmof- 
phere, a pellicle is formed at its furface, known by the name of 
the cream of lime ; this is the regenerated calcareous ftone. 

The fuperb bafon of Lampi, one of the two principal refer- 
voirs which furnift) the Royal Canal of Languedoc with water, 
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was found to leak at the junction of the ftones. The il 
engineer who directs thefe works, Mr. Pin, caufed lime to be 
flacked; which, paijing through thefe fmall apertures, became 
fupplied with carbonick acid, and formed a cruli, or very white 
covering, over its whole furface : fo that all the ftones of thi| 
fine piece of mafonry are connected together by this cement j 
and at prefent conftitute one fingle undivided fubftance, impen- 
etrable to water. 

The regeneration of calcareous ftone is very (Jowly effected 
by the precedes hitherto defcribed. But this may be expedite^ 
by prefenting to the lime the principles with which it fo ftrong- 
ly tends to combine : this is accordingly dons in works in the 
large way. 

Lime is ufually flacked by pouring abundance of water upon 
jt. A violent heat is thus excited ; the lime falls down into 
powder, and a pafte is afforded by ftrongly working the lime to- 
gether in proportion as it becomes faturated. 

The count Razoumoufki has taken advantage of the heat 
which is difengaged whep lime io {lacked, to combine the lime 
with fulphur. 

The degree of heat proper to effect this combination is 70 of 
Reaumur. At this point the fulphur, which is placed in contact 
with the lime, liquefies, becomes of a red colour, and forms a 
true fulphure or hepar of lime. 

Mortar is made fimply by working fand, or other bodies info- 
luble in water, together with flacked lime. 

We are acquainted with two kinds of fand at Montpellier % 
pith fand, and river fand : the former is almoft always alte*^ 
by a mixture of vegetable and calcareous earth, which weaken 
its efficacy ; the fecond is purer, and better fuited for the pur. 
pofe. Inftead of fand, the fragments or duft of ftone may be 
■uied ; the angles which thefe fragments prefent, and the rough- 
nefs of their furface, contribute to give a confiilence to the mor- 
tar. 

The hardening of mortars appears to be owing merely to the, 
progreflive regeneration of lime-ftone. They do not obtain the 
greateft degree of hardnefs of which they are fufceptible, until 
they have refumed all the carbonick acid of which the ftone was 
deprived : and this operation is very flow, unlefs the combuftion 
be facilitated by well known methods, which confift in mixing 
fubltances with the mortar which contain either the carbonick 
acid, or a principle analagous to it, fuch as vinegar. 

It is this regeneration of lime-ftone, which is effected by the 
lapfe of time, that explains to us why the hardell ftones afford 
the beft lime ; and why old mortars are found to poffefs a degree 
of hartlnefs which modern artifts have no hopes of attaining. 
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The remains of ancient buildings have induced certain philos- 
ophers to conclude, that the ancients were in pofleffton of very 
valuable proceflcs for the making of mortar. Mr. De la Faye 
was of opinion, that thofe enormous matfes, in which the per- 
fection of the mechanical procefies of the ancients only was ad- 
mired, were made by coffer work; and he imagined that he had 
difcovered in Yitruvius> Pliny, and St. Auguftin, that their pro- 
Cefs to extinguifli lime differed from ours ; and that the great 
difference which appears to exift between the ancient and mod- 
ern mortars depends more particularly upon this circumftance. 
Thefe mtereftirig refearches have induced him to propofe that 
the lime mould be pvft into a bafket and futfered to 'flack in the 
air •, as he thinks by this means it would preferve a greater de- 
gree of force, arid be lefs weakened than by the ufual procefles. 

Loriot has attributed the firperiority of the mortars of the 
ancients to the means which/ they ufed to dry them fpeedily j 
and in confequence of thefe principles he mixes pounded bricks 
with flints, works the whoie together with flacked lime, and 
dries the mafs with one fourth part of quick-lime. Care m-uft 
be taken to trie only lime which is finely pulverized and lifted y 
for otherwise the mortar would cracky and be very imperfect. 

Nature fometimes preferrts to us a fuitable mixture of lime- 
ftone and fand, to form an excellent mortar without any mix- 
ture of extraneous fubftances. Mr". De Morveau found this 
lime-ficne in Burgundy •, Mr. De Puymauriri has defcribed a 
fpecies which he found in Berne ; and I have obferved in Cev- 
ennes a natural mixture of this kind, in which the proportion of 
materials was fo well aflbrted, that nothing more was necefiary 
than to calcine it, and extinguish it in water, to form' an excel!' 
mortar. 

SPECIES II. 

Sulphate of Lime, Gypfum, Selenite, Plafter Stone. 

The Plafter Stone lofes its tranfparency by calcination, at' 
the fame time that it becomes pulverulent, and acquires the pro- 
perty of agairf feizing the water of which it had been deprived, 
Sfid reluming its hardnefs ; it does not give fire with the Heel, 
nor effervefce with acids. 

We are more particularly indebted to MargraflF for our ac- 
quaintance with the conftituent principles of plafter ; and from 
fubfequent experiments the following proportion of the fame 
principles has been affigned. One hundred parts of gynfum 
contain thirty fulphurick acid, thirty-two pure earth, thirty- 
water ; it lofss nearly 20 per cent, by calcination. 
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"We begin to be equally acquainted with the formation or" 
this (tone. The chevalier De Lamanon has afferted, that the 
numerous quarries of plafter which are found in the vicinity of 
Paris, are the depofition of an ancient fluviatile lake, formed by 
the Seine, Loife, and Marne, which flowed off on the fide of 
Meulan. The wrought iron, and the various remains of animals 
which are found at the bottom of the quarry of Mont Matre, 
fhew that its formation is not very ancient ; and the indefatiga- 
ble naturalift here cited confiders the felenite as originally dif- 
perfed in the water, precipitated in confequence of its fparing 
folu'oility, and heaped together in places determined by currents, 
waves, and other circumftances. 

Thefe facts, highly interefting as they are in the natural hif- 
tory of plafler, are inefficient for the chemift, who is defirous 
of knowing likewife in what manner, and under what circum- 
ftances, the combination of the fulphurick acid and lime is made 
I fhall proceed to communicate fome obfervations which our 
province affords. 

1. I have obferved in a black and pyritaceous clay of Saint 
Sauveur, extracted out of the work called Percement Dillon, 
many (mall needle-formed cryflals of felenite, from four td 
eight lines in length. At the furface of the foil where the fame 
clay is more decompofed, cryftals of the fame nature, but lon- 
ger, thicker, and more numerous, are alfo found. 

2. The marly and pyritous clay of Caunelle, near Morion, 
abounds with beautiful cryflals of rofe-coloured plafter, in the 
form of cocks-combs, obferved by Mr. Dorthes. 

35 The plafter quarry of La Salle exhibits almoft alternately 
flrata of plafter and ftrata of black and pyritous clay, which 
efHorefces in the air. 

4. Near the bridge of Herepian, on the* declivity of Cafcaf- 
tel, at Gabian, and in many other places, I have conftantly found 
cryftals of gypfum mixed and confounded with pyritaceous clays. 

5. The fulphureous depofitions of folfatara often contain 
•rydals of felenite. 

From thefe facTs it appears to me that the formation of gyp- 
fum may eafily be conceived. It is not formed excepting in 
places where pyrites and clay more or lefs calcareous are found 
together : that is to fay, its formation appears to be dependent 
on, and connected with, the prefence of fulphur and lime. 

Whenever, therefore, the pyrites is decompofed, the fulphur- 
ick acid which thence arifes feizes the lime, and efHorefces in 
fmall cryftals, which are carried off by the water, and fooner 
or later depofited. I have obferved perceptible depofitions of 
plafter on the banks of rivulets which wafh pyritous clays. I 
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hive likewife feen depofitions of the fame nature in rivers whofe 
waters have been ftrongly concentrated by the burning heat of 
our fummer. And confequendy, if we fuppofe felenite to be 
difperfed in more confiderable maffes of water, there will be no 
difficulty in conceiving the formation of thofe ftrata which the 
plafter quarries exhibit. 

Meflrs. De Cazozy and Macquart have obferved the trafition 
of the gypfum of Cracovia to the (late of calcedony. When the 
nucleus of calcedony is determined it increafes perceptibly in 
the courfe of time, even in cabinets •, which proves that the 
quartzofe juice, when once infiltrated into piafler, combines 
with the lime, and determines this transformation. 

Mr. Dorthes has proved that the quartz, in cocks-combs at 
Pafly, owed its origin to plafter 5 that this laft fubftance having 
been carried away by folution, the quartzofe juice has taken its 
place. Natural hiftory exhibits feveral of thcfe metamorphofes. 

Gypfum is found in the earth in four different ftates. 

1. In the pulverulent and friable form, which conftitutes 
gypfeous earth, foffil flour, &c. 

2. In folid maffes, which conftitute plafter-ftone. 

3. In ftalactites, or fecondary depofitions. In this place we 
may arrange the ftriated filky gypfums, the cauliflowers, the gyp- 
feous alabafters, and that prodigious variety of forms which the 
ftala&ites affumes, whatever may be its component parts. 

4. In determinate cryftals which ufually exhibit the following 
forms. 

1. The compreffed tetrahedral rhomboidal prifm. 

2. The hexahedral prifm truncated at its furnmit. 

3. The decahedral rhomboid. I apprehend that the lenticu- 
lar gypfum may be referred to this laft form, as it appears to 
me to be compofed of feveral rhomboids united together fide- 
ways. At all events I have^ as the laft refult, obtained the 
rhomboidalform, by decompofing this variety. 

. The colour of gypfum is fubject to a great number of varie- 
ties, which are the figns of various qualities relative to its ufes, 
The white is the molt beautiful, but fometimes it is grey ; and 
in this cafe is lefs efteemed, and lefs valuable. 

The feveral ftates of the oxides of iron, with which it abounds- 
in greater or lefs quantities, conftitute its rofe-coloured, red, 
black, &c. varieties. 

The fpecifick gravity of gypfum varies according to its purity. 
•See Meflrs. Briflcu and Kirwan : the latter found it fometimes of 
the weight of 2.32, and fometimes 1.87. 

It is foluble in about five hundred times its weight of water., 
at the temperature of 60 degrees of Fahrenheit. 
2-. .A 
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When it is expofed to heat, its water of cryftallization is diffr- 
pated, it becomes opake, lofes its confidence, and falls into pow- 
der. If it be moiftened, it becomes hard again, but does not 
relume its tranfparency ; a circumftanCe which appears to prove 
that its firlt Hate is a ftate of crystallization. 

If it be kept in a fire of confiderable intenfity, in contact with* 
powder of charcoal, the acid is decompofed, and the refidue is 
lime. 

Its principles may likewife be feparated ; by finely pulverizing 
it, and boiling it with alkali. 

It is fufible by the blow-pipe according to Bergmann ; and in" 
a porcelain furnace, according to Darcet. 

The management of the fire in the calcination of gypfum is 
of great confequence. Too much heat decompofes it ; and too 
little does not enable it to unite, and form a hard fubftance with 
water. 

Calcined gypfum divides and difperfes itfelf in water, with 
which it forms a pafte that may be caft into every figure imag- 
inable. We are indebted to this property for beautiful orna- 
ments in the infide of our houfes ; but it cannot be ufed for 
external decorations becaufe, its folubility in water renders it 
gradually deftructible by that liquid. 

SPECIES nf. 

Initiate of Lime, Vitreous Spar, Fufible or Phofphorick Spar, Fluor Spar. 

This (tone is a combination of a peculiar acid, called the fluor 
acid, with lime. 

It decrepitates on heated coals, like muriate of foda, or com- 
mon fait. When flightly heated, it fhines with a beautiful blue 
colour, that remains even under water, or in acids. The refi- 
due of this appearance of combuftion is white and opake, 

ltsfpecifick gravity is, in general, from 3.14 to 3.18, accord- 
ing to Kirwan. 

This fpar enters into fufion by a ftrong heat, and corrodes the 
the Crucible: it likewife fufes without effervefcence with the 
mineral alkali, the borate of foda, and the phofphates of urine. 

This ftone poffeffes the moft lively and various colours ; and 
it is known under the names of falfe emerald, falfe amethyft,or 
falfe topaz, accordingly as its colour is green, violet, or yellow. 

The blue fluor fpars commonly owe their colour to iron, but 
fometimes to cobalt. Berlin Berchaft, torn. ii. p. 330. — Green 
fluors arc coloured by iron, according to Rinmann. The moft 
ufual form of filiate of lime is the cubick, with all the modifica- 
tions which accompany their primitive form. 
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When this ftone is diftilled with its own weight of fulphurick 
icid, the firft product coniiftsof elaflick whitith vapours, wliich 
iiil the icceiver, and depofite a cruft at the furface of the water, 
while the water itfelf becomes acidulous. The refidue in the 
-retort is fulphate of lime, according to Scheele. The cruft 
which is formed on the water of the receiver is iiliceous earth \ 
and the water itfelf being faturated with the vapour, eonftitutes 
the fluorick acid. 

The moft aftonifhing property of this acid is dcubtlefs that of 
feizing the filiceous earth, which is a couftituent principle of 
the glafs, and volatilizing it with itfelf. 

In order to have the acid in a ftate of greater purity, and ex- 
empt from every mixture of filex, the operations are performed 
in retorts of lead ; but Mr. De Puymaurin-is convinced, as well 
as myfeif, that the acid even then is feldom pure, becaufe the 
rnoft beautiful fluor contains almoft always a fmall quantity of 
filex, which the acid carries with it. The whiteft, the moft 
.transparent, and the moft regularly-cryftallized fluor, diftilled on 
the water bath in a leaden retort, afforded me an acid contami- 
nated by a fmall quantity of filex. 

Mr. Meyer having ufed every poflible means to obtain this 
acid in a ftate of great purity, is convinced that when the acid 
does not find filex in the retort, it attacks the fides of the re- 
ceiver, and becomes changed. 

This acid may be preferved in bottles whofe internal furfa- 
ces are coated with wax diflblved in oil. 

The fluorick acid has fome analogy with the muriatick ; and 
fome chemiits have even confounded them together : but they 
differ effentially from each other. 

The fluorick acid — t. When combined with pot-afh, prefents 
a gelatinous fubftance, which when dry retains one fifth of the 
alkali employed, and forms a true neutral fait. 2. It acts near- 
ly in the fame manner with foda. 3. With ammoniack it af- 
fords a jelly, which when dry exhibits all the appearances of 
filex. 4. When mixed with lime-water, it regenerates the flu- 
ate of lime. 5. It does not attack gold, nor diffolve filver ; and 
combines in preference with oxides, fueh as thofe of lead, iron, 
copper, tin, cobalt, and even of filver. 

One part of the fluate of lime, fufed with four parts of cauf- 
tick fixed alkali, forms a fait infoluble in water. The fame 
quantity of fluate of lime, treated in the fame manner with the 
carbonate of pot-afh or mild vegetable alkali, affords a foluble 
fait ; and at the bottom of the water a calcareous earth is found, 
which proves that the fluorick acid is not fepaiated but by double- 
affinity. 



'^ 6 Niiraie of Urns. 

This {[one which hitherto has not been employed but as a 

flux, or in the fabrication of ornaments, appears to me to deferve' 

the mod particular attention. Its texture feems to be lamellat- 

ed like the diamond ; and like that ftone it is capable of double 

refra&ion, as the abbe Rochon has obierved. Its phofphoref- 

cence has likewife fome relation with the combuftibility of the 

diamond, and it has lively and varied colours. All thefe cir- 

cumftances eftablifh an analogy between thefe two fubftances ; 

and might lead us to fufpect that the conftituent principles of 

the diamond exift in this f^cne, mixed end combined with an 

acid and lime, &c. 

Thefluorick acid poffeffes the very fingular property of attack- 
ing glafs, and diffolving and carrying off its filiceous part. 
Margraff firft obferved this property ; but Meflrs. De Puymau- 
rin and Klaproth have very happily applied it to the art of en- 
graving on glafs. : ' 

This acid is employed to corrode the glafs, in the fame man- 
ner as aqua fortis is ufed to engrave upon copper. 

Some authors, particularly Mr. Monnet, have endeavoured 
to prove that this acid was nothing elfe but a modification of 
the acid ufed in the decompofition of the fpar. They feem to 
found their opinion chiefly on the circumftance, that the acid 
obtained' exceeds in weight the fpar made ufe of ; but they 
have neglected the increafe of weight which muft arife from the 
eroiion, diffolution, and mixture of the glafs of the diftilling vef- 
fels. And indeed thefe experiments do not appear to me to in- 
validate in the leaft the eternal truths which have iffued from 
the laboratory of the celebrated Scheele ; otherwife fuch modi- 
fications in the acids employed, would in my opinion afford a 
phenomenon ftill more aftonifhing than the exigence of this pe* 
culiar acid. 

SPECIES IV. 

Nitrate of Lime, Calcareous Nine. 

This fait, as well as thofe which remain to be treated of in 
the prefent genus, exifts only in waters. Their great folubili- 
ty, and their fpontaneous deliquefcence, do not permit them to 
form durable maffes, or to exift in the form of ftones. 

The nitrate of lime is principally formed near inhabited pla- 
ces ; old plafter affords it in abundance by lixiviation. It is one 
of the falts which abound in the mother waters of the falt-petre 
tnakers; and it has been found in fome mineral waters. 

It is ufually obtained in the form of fmall needles, applied 
fideways to each other. 
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When a folution of nitrate of lime is concentrated to a 
gelatinous confiftence nearly equal to that of fyrup, it forms in 
procefs of time, cryflals in hexahedral prifms. Two parts of 
cold water diffolve one of this fait ; and boiling water diflblves 
more than its own weight. 

Its talte is bitter and difagreeable. 

It liquefies eafily on the fire, and becomes folid by cooling ; 
if it be flrongly calcined, and carried into the dark, it is lumin- 
ous, and constitutes Baldwin's phofphorus. 

It lofes its acid in a violent and continued heat. When dif- 
tilled in clofe veffels, it affords the fame products as nitre by 
the decompofition of its acid. 

Projected upon ignited coals, it detonates in proportion as it 
becomes dry.— ^-See De Fourcroy. 

Its acid may be difengaged by means of clay and of the ful- 
phurick acid. 

The alkalis and baryies precipitate its earth. 

The fulphurick falts, and the carbonates of alkali, decompofe 
it by double affinity. 

species v. 

Muriate of Lime, Calcareous Marine Salt. 

This combination exifts more efpecially in the waters of the 
fea ; and contributes to give to thefe waters that bitter tafte 
which has improperly been referred to bitumens that have no 
exiftence. 

This fait is very deliqueflent ; one part and a half of water 
diflblves one of this fait j and hot water diflblves more than its 
own weight. 

It may be made to cryfiallize by concentrating its folution to 
the 45th degree of Baume, and expofmg it afterwards in a cool 
place. 

With thefe precautions it affords a fait in tetrahedral prifms 
terminated by four-fided pyramids. — See de Fourcroy. 

It enters into fufion with a moderate heat ; but is decompofed 
with great difficulty. It acquires by calcination the property of 
fhining in the dark, and is called the phofphorus of Homberg. 

It is decompofed by barytes and the alkalis. The concentra- 
ted fulphurick acid, poured upon a very itrong folution of mu- 
riate of lime, difengages the acid in vapours, and forms a folid 
precipitate : an appearance which feems in an inflant to tranf- 
form two liquids into a folid, and produces a very (hiking ef- 
fect. The theory of this phenomenon is eafily deduced from 
the very great folubility of the muriate, and the almoft abfolute 
vnfoiubility of the fulpliate which takes its place. 



f$$ Calcareous Phcfphorick Sal/. 

SrECIES VI. 

Phofphate of Lime, Calcareous Phofphorick Salt. 

Tins phofphate of lime has been found in Spain, in the king- 
dom of Eftramadura, by Mr. Bowie. 

It is a whitiih (bone of considerable denfity, not hard enough 
to give fire with the fteel. It is found in horizontal ftrata, re- 
pofing upon quartz, and exhibiting vertical, flattened, and clole 
fibres. When thrown on ignited coals it does not depcrepitate, 
but burns quietly, and affords a beautiful green light, which feems 
to penetrate through it, and does not difappear fo quickly but 
that a fufficient time is admitted to contemplate its brilliancy 
with admiration. Before the blow-pipe it runs into a white 
enamel, without boiling up j whereas bones fupport the mod 
violent heat without fufion, Its habitudes with the nitrick and 
fulphurick acids are the fame as thofe of calcined bones : its 
acid may be feparated and brought into the ftate of an animal 
glafs •, it may be decompofed, and the phofphorus extracted. 

Mr. Proufi, from whom we borrow thefe interefting details, 
obferves likewife that this ftone is found to compofe the mafs of 
entire hills in the neighbourhood of the village of Logrofan, in 
the jurifdic~tion of Truxillo, a province of Eltramadura. The 
houfes and the walls of inclofures are built of it. 

GENUS II. 

Earthy Salts with Bafe of Barytes. 

The mod common date in which Barytes is found is in com- 
bination with the fulphurick acid. 

SPECIES I. 

Sulphate of Barytes, Ponderous Spar. 

This ftone is the molt ponderous we are acquainted with. 
Its fpecifick gravity is commonly from 4 to 4.6. 

It decrepitates in the fire, melts before the blow-pipe without 
addition, and fluxes diiiblve it with efiervdeence. — See the 
notes of the abbe Mongez.* 

Mr. Darcet fucceeded in fufing it in a porcelian furnace. 

* Manuel du Mineralogiil;. 
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It has been often confounded with gypfum and fluor fpar ; 
but the characters of thefe two fubitances are very different. 

It almoft always accompanies metallick ores, and it is even 
confidered as an happy prefage of finding them. Becher has 
affirmed that it was a certain indication vel prefentis vet futuri 
metalli : and I think that there is reafon to confider it as the 
vitrifiable ftone of this celebrated naturalift. The proofs of my 
affertion may be feen in the preliminary ideas of rny treatife on 
metallick fubftances (in this work.) The analogy between this 
ftone and metals has been eftablifhed by the experiments of 
Bergmann and of Mr. Lavoifier. 

This ftone, when rather Itrortgly heated, exhibits a bluifh 
light in the dark. To form thefe kinds of phofphori, the fpar is 
pulverized, the powder is kneaded up with mucilage of gum 
tragacanth, and the pafte is formed into pieces as thin as the 
blade of a knife. Thefe pieces are afterwards dried, and ftrong- 
]y calcined by placing them in the mid(t of the coals of a fur- 
nace ; they are afterwards cleared by blowing on them with the 
bellows. In this ftate, if they be expofed to the light for a few 
minutes, and afterwards carried into a dark place, they fhine 
like glowing coals. Thefe pieces fhine even under water ; but 
they gradually become deprived of this property, which how- 
ever may be reftored again by a fecond heating. — See De Four- 
croy. 

Ponderous fpar is eafily divided into plates by the flighteffc 
blow ; and tire moft ufual form which it affects is that of an 
hexahedral prifm, very fiat, and terminated by a dihedral fum- 
mit. 

Ponderous fpar has been found at the diftance of one league 
from Clermont d'Auvergne, in the form of hexahedral prifms 
terminated by a tetrahedral or dihedral pyramid. I have ken 
cryitals of two inches in diameter. 

It frequently happens that the form of thefe cryftals is not 
very determinate ; but all the (tones of the nature of thefe ex- 
hibit a confufed affemblage of feveral plates applied one upon 
another, and capable of being feparated by a very flight blow. 
Ponderous fpar is infoluble in water > and upon this property 
ib founded the virtue poffeffed by the muriate of barytes, to man- 
ifeft the flighted portions of fulphurick acid in any combina- 
tion which contains it. • 

Barytes adheres more ftrongly to acids than the alkalis them- 
felves do ; and when the carbonates of alkalis precipitate it, the* 
' takes place in the way of double afhnitr. 
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SPECIES II. 

Carbonate of Baryte s. 

This combination has thefpecifick gravity of 3.773. 

One hundred parts contain twenty-eight water, feven acid, 
fixty-five pure earth. 

The fulphurick, nitrick, and other acids attack it with effer- 
vefcence. . 

Although the carbonick acid poffeffes the ftrongeft affinity 
with tills earth, it is very feldom found in combination with it : 
and I am acquainted with its' exiftence only on the authority of 
Mr. Kirwan, who affirms that Dr. Withering prefented him 
with a fpecimen from Alfton Moor, in Cumberland ; which re- 
fembles alum, with the difference that its texture is ltriated, 
and its fpecifick gravity is 4.331.* 

Mr, Sage analyfed this ftone, which was prefented to him by 
Mr. Greville. See the Journal de Phyfique for April 1788. 

SPECIES III. 

Nitrate of Barytes. 

The nitrick acid diffblves pure barytes, and forms a fait 
which cryftallizes fometimes in large hexagonal cryftals, and 
frequently in fmall irregular cryftals. 

The nitrate is decompofed by fire and, affords oxigene. 

The pure alkalis do not difengage the barytes, but the alka- 
line carbonates precipitate it by double affinity. 

The fulphurick and fluorick acids feize this earth from the 
nitrick acid. 

It has not yet been found native. 

SPECIES IV. 

Muriate of Barytes. 

This fait Is capable of affirming a form confiderably refem- 
bling that of fpar in tables or plates. It exhibits, with the 
earths, acids, and alkali, phenomena nearly {imilar to thofe of 
ih? nitrate of baryte3. 

It forms one of the mod: interefting re-agents to afcertain 
the exiftence of the fmallei! particle of fulphurick fait in any 

* Jt is plentifully found in England, in the lead mine of Anglezarfc, 
near Chorley in Lancashire. See the Manchefter Memoirs, vol. iii. p. 
T 
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water ; becaufe by the fudden exchange of principles, the refill t 
is ponderous fpar, which immediately falls down. 
It has not yet been found in a native ftate. 



GENUS nr. 



Earthy Salts with Bafis of Magnefia. 

Thefe falts were not well known before the time in which* 
the celebrated Black proved that they ought not to be confound- 
ed with calcareous falts. They may be diftinguilhed from thefe 
by the bitter ta-fte which almoft all of them poflefs. 

They are in general very foluble in water. Lime-water pre- 
c.p.tates them, as does likewife ammoniack, or the volatile 

SflliaHa 

SfECIES r. 
Sulphate of Magnefia, Epfom Salt. 

This fait is frequently met with ; it exifts in feveral mineral 
waters, fuch as thofe of Epfom, of Sedliz, &c. It was at firft 
diftmguiflied by the name of the fprings which produced it : 
and it is ftill known by the name of the bitter cathartick fait on 
account of its tafte and virtues. 

a Thef " u, P>te of magnefia, in commerce, comes either from 
the fait fprings of Lorraine, from which this fait is extracted 
with a mixture of fulphur ; or otherwife from the fait works in 
the environs of Narbonne, where it is extracted from the moth- 
er waters which contain it abundantly. 

The fulphate of magnefia, in commerce, has the form of fmall 
hlky needles, very white. It does not efflorefce in the air 
which diftinguimes it from the fulphate of foda ' ' 

The cryftals of the pure fulphate of magnefia are quadranzu- 
. ■P» f ms, terminated by pyramids of an equal number of fides 
lnc iulphate of magnefia prepared in our fait works is fold 
at from tnirty to forty livres the quintal j it containsin the 
pound three fifteenths of fulphate of foda, two Gxreentha mu 
nate of magnefia, one fixteenth muriate of foda, fix fifteenths 
true fulphate of magnefia: the reft con fills of falts with baG* 
or lime. 

The fulphate of Magnefia, when expofed to the fire, liquefies 
and lofes half its weight. The remainder is dry, and require/ 
a ftrong fire to fufe it. 4 cs 

Water difTolves its own weight of this fait, at the temperature 
of 60 degrees of Fahrenheit's thermometer 
2...B 



2C -,- Carlotirte ' of Md^nefta. 

One hundred parts of this fait contain twerity-fotfr parts 
acid, nineteen earth, and fifty-feven water. 

It exifts in all the waters in the environs of Montpellier. 

Sometimes it is found efflorefcent upon fchidi, from which 
it may be collected. I have found it upon a mountain in Rou~ 
ergue, in a quantity fufficiently great to be collected to advan- 
tage : birds of p?.ffage devour it greedily; This fait is ufed in 
preference to others as- a purgative. 

species n. 

l^trate of Magnefia. 

The celebrated Bergmann, who has combined magncfia with 
the various acids, obferves that the nitrick acid forms with it a 
fait capable of affording, by proper evaporation, prifmatick, 
quadrangular, truncated cryflals. The fame chemift adds, that 
this fait is deliquefcent. Mr. Dijonval affirms, that he obtain- 
ed cryftals that were not deliquefcent ; and accident has afford- 
ed me a fait of this kind in mother water of nitre concentrated 
to the 45th degree of the areometer. Its form was that of 
prifms with four fides, very much flattened, very thick, and/ 
very fhort. 

This fait decompofes the muriates ; alkalis precipitate its 
magnefia, as does likewife lime. 

SPECIES III. 

Muriate of Magnefia: 

The muriate of magnefia exifts in the mother water of our 
fait works ; its tafte is very bitter. 

According to Bergmann, it forms a fait in fmall needles, fo 
deliquefcent that it cannot be obtained but by ftrongly concen- 
trating the folution, and afterwards expofing it to intenfe cold. 

Lime-water, barytes, and the alkalis precipitate the magnefia ; 
it may likewife be feparated by means of fire. 

SPECIES IV. 

Carbonate of Magnefia. 

Though magncfia has the greatefl affinity with the carbon- 
ick acid, I do not think that nature has ever exhibited this com- 
bination. It is obtained by precipitating the magnefia from- 
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;.£pfom"falt, by means of the carbonates of alkali ; and in this 
.ftate it is called effervefcent magnefia, or magnefia, not cal- 
, cined. 

The carbonate of magnefia contains in the quintal thirty parts 
acid, forty-eight earth, and twenty-two .water.— See Kirwan 
and Bergmann. 

Magnefia (licks to the tongue; and atfumes, in drying, a 
certain tranfparency, which it preferves until it has loft all its 
water, which is not.eafily driven off. 

Fire carries off the water and the acid ; and in this ftate the 
xefidue is called callcined magnefia, 

The carbonate of magnefia is foluble in water in the propor- 
tion of feveral grains' in an ounce of the fluid. 

But we are indebted to Mr. Butiniibr a very fingular obfer- 
vation — that cold diflblves more than hot water, and that the 
magnefia may be precipitated by heating the water which holds 
it in folution. Hence it arifes that waters loaded with magne- 
fia become white and turbid by ebullition. 

The celebrated Bergmann had advanced that the carbonate of 
magnefia is cryftallizable. Mr. Butini, by concentrating a fat- 
urated folution of this fait with a gentle heat, obtained groups 
-of cryftals, which, when examined by the microfcope, appeared 
to be hexagonal truncated prifms. I have obtained fimikr 
fnow-like flocks by precipitating magnefia by the addition of an 
alkali, drop by drop. 

The carbonate of magnefia is ufed in medicine as a purgative. 
The calcined magnefia ought to be preferred -as an abforbe-nt. 

.GENUS IV. 

Earthy Salts with Bafe of Alumina. 

The fubftance which in the arts is known by the name of Clay, 
( is a natural mixture of feveral earths. 

Alumine, or pure clay, is capable of combining with tte 
greateft part . of the known acids ; but the mod common of 
thefe falts is alum. 

-species 1. 

Sulphate of Alumine, Alum. 

Though alum be very commonly met with, yet the combi- 
nation of principles which conftitute it is not effected without 
confiderable difficulty. 



20 4 Manufacture <f Alum. 

Pure clay upon which the fulphurick acid is digefted, is cin 
folved with difficulty : and it is by no means eafy to bring this 
combination to regular cryftals. The ufual product is a fait, 
which appears to be formed by fcales applied one upon the other. 

The mod ordinary procefs to diflblve alumine by means of 
an acid, confifls in calcining the clay, impregnating it with the 
acid, and facilitating its action by an heat of 50 or 60 degrees 
of Reaumur. But a fimpler method, which I have ufed in my 
manufactory of alum, confifts in preferring the acid in vapours a 
and under the dry form, to the cla.y properly prepared. For. 
this purpofe I calcine my clays, and reduce them into fmaU 
pieces, which I fpread over the floor of my leaden chambers. 
The fulphurick acid, which is formed by the combuftion of a 
mixture of fulphur and faltpetre, expands itfelf in the cavities 
of thefe chambers and exifts for a certain time in the vaporous, 
form. In this form it has a ftronger action than when it has 
been weakened by the mixture of a quantity of water more or 
lefs confiderable : fo that it feizes the earths, combines with 
them, caufes them to increafe in bulk by the efflorefcence which 
takes place, and at the end of feveral days the whole furface ex- 
pofed to the vapour is converted into alum. Care is taken to ftir 
thefe earths from time to time, that they may fucceflively prefent 
all their furfaces to the action of the acid. 

But whatever procefs may be ufed to combine the acid with 
clay, it is necefTary tc expofe the aluminized earths to the air 
during a greater or lefs fpace of time, in order that the combi- 
nation may be more accurate, and the faturation more com- 
plete. 

Moil of the alum in commerce is afforded by ores which are 
dugout of the earth for this purpofe. We may reduce all the 
operations of this manufacture to three or four ; the decompofi- 
tion of the ore, the lixiviation of the ore, the evaporation of 
thefe lixiviums, and the crystallization of the alum. 

1. The decompofition of the mineral is effected either in the 
open air without afliitance, or elfe by means of fire. 

When the mineral is left to decompofe fpontaneoufly, nothing 
more is done than to difpofe the ftone which contains the prin- 
ciples of alum in ftrata or layers. The pyrites becomes heated j 
acid is formed, which diffolves the clay ; and the fait arifing 
from this combination exhibits itfelf by the efflorefcence of the 
ore. The decompofition may be accelerated by watering the 
heap of pyrites ; but the operation may be ftill more abridged 
by the afliitance of fire. — The method of applying the heat varies 
prodigioufly. On this head Bergmann may beconfulted ; but \i. 
general it may be obferved that it ought not to be either too 
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rtrong or too weak. In the firft cafe it volatilizes the fulphur, 
and in the fecond it retards the operation. 

The ore of alum is fometimes impregnated with a fuflkient 
quantity of bitumen to maintain the combultion. — See my Me- 
moir on the Alum Ore ofVabrais, 1785. 

2. When the ore has efflorefced into alum, the fait is extracted 
by lixiviation. For this purpofe the fame water is patted over fev- 
eral heaps of aluminous earth, in order to faturate it. The wa- 
ter which is firft paSed over the earth diffolves in preference the 
vitriol, which is more or lefs abundant ; and this fait may b» 
feparated from the alum by a previous cold-waihing. 

3. This lixivium, or faline folution, is carried into leaden cal- 
drons, where the fluid is properly concentrated. In this part 
of the procefs it is that an accurate faturation of the alum is ef- 
fected when the acid is in excefs j and for this purpofe alkalis 
are added, which ferve likev/ife Angularly to facilitate the cryf- 
tallization. The celebrated Bergmann has propofed to boil clay 
with the folution, to faturate the excefs of acid. This procefs 
feems in every point of view to be advantageous ; but it appears 
to me to be impracticable, becaufe the fuperabundant acid cannot 
be made to combine with the clay, but by a very long ebullition, 
and I have obferved that, by afterwards evaporating the fluid to 
caufe it to cryftallize, this clay falls down and oppofes the cryf- 
tallization. I have varied the procefs in a variety of ways, with- 
out obtaining the fuccefs which its celebrated author predicted. 

There are methods of greater or lefs accuracy to judge of the 
degree of concentration to which it is proper to carry the lixiv- 
ium, in order to obtain a good cryftallization ; fuch are, the im- 
merfion of an egg in the liquid, the effuGon of fome drops in 
the lixivium on a plate, &c. Mr. De Morveau has propofed a 
reetallick hygrometer ; but this inftrument cannot be confidered 
as very accurate, becaufe its immerfion in the liquid is propor- 
tional to the heat of the fluid in which it is plunged. 

4. The lixivium is then conveyed into coolers, where it cryf- 
tallizes by mere refrigeration. The pyramids of alum are con- 
ftantly turned towards the bottom of the vefTel, more efpecially 
thofe which fix themfelves to the flicks which are put into the 
liquor to multiply the furfaces. 

Alum affe&s the form of two tetrahedral pyramids, applied 
to each other bafe to bafe. .Sometimes the angles are trunca- 
ted, and thefe truncatures take place moft frequently when the 
lixivium is (lightly to acid. 

This fait requires fifteen times its weight of water to diflblvc 
4t, at the temperature of fixty degrees of Fahrenheit, according 
to Kirwan. 



2©5 Carbonate of Alumine. 

its tafte is ftyptick •, it lofes its water of cryftallization by 
heat j at the fame time that it fwells up, and is converted into & 
•light and white fubftance, called burned or calcined alum. 

•If it be urged by a violent degree of heat, it lofes part of its 
acid, and becomes taftelefs. The refidue is no longer fufcepti- 
-ble of cryftallization, and precipitates in the form of a very line 
adhefive powder, in proportion as the water is difperfed by evap- 
oration. 

Alumine is precipitated from this folution by magnefia, ba- 
rytes, and the alkalis: thefe lait diflblve the precipitate in propor- 
tion as it is formed, if they be added in excefs. 

Alum is a very valuable material in the arts. It is the foul 
-of the art of dying, and ferves as the mordant to all colours. 
-It is ufed to prepare leather, to impregnate paper and cloths in- 
tended to be printed. It is added to tallow, to render it harder ; 
•it enters into the preparation of a glue for the deftruction of ver- 
min i it is employed in England, and elfewhere, to give white-. 
nefs, and additional weight to bread. When fufed with falt- 
petre of the firft boiling, it forms a very white cryftal mineral. 

The printers rub their balls with calcined alum to caufe them 
to take the ink. Surgeons employ it to corrode fungous or 
proud flefh. 



species ir. 
.Carbonate of Alumine. 

The argillaceous earth precipitated from the folution of alum 
by the carbonates of alkalis, combines with their acid ; but this 
fait is very rarely found in nature. I know only of the obferva- 
tion of Schreber which afcertains its exiftence. This naturalift 
afferted that the earth known by the name of Lac Lunse is a true 
^carbonate of alumine. 

Although alumine be foluble in the other acids, we are very 
little acquainted with its combinations. It is only known that 
the nitrick acid diffblves it, that the folution is aftringent, and 
t'hat it may be obtained in fmall ftyptick and deliquefcent cryf- 
tals. 

The muriatick acid has a more evident action upon alumine. 
This muriate is gelatinous and deliquefcent. 

Thefe falts have not been applied to any ufe, and they are no 
where found in nature. 
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GENUS V. 

Earthy Salts with Bafe of Silex. 

&lex is of all the known earths that which combines the moll 
difficultly with acids. 

"We are even acquainted with no other acid than the fluorick 
which exerts an evident action upon it. It rifes with it, and 
holds it in folution until it abandons it to unite with water. 

Some experiments of Mr. Achard gave reafon to think that 
the carbonick acid diffolved filex ; but the Parifian chemift did 
not obtain the refults announced by the chemift' of Berlin; M. 
1^ Morveau feems to have proved that iron and the carbonick 
acid were neceffary to form rock cryftals ; but this acid does not 
remain united and combined with the earth ; fo that we have 
not hitherto arrived at any proof of its diffolving virtue. 

CLASS 11. 

Concerning the Combination and Mixture of Primitive Earths, or Earthy 

Mixtures. 

The pure and fimple earths, fuch as we have defcribed them* 
are rarely found on the furface of the globe. They are con- 
ftantlv mixed wirh each other, and form maffes of greater or 
lefs magnitude, and various hardnefs, according to the nature 
of the earths, their ftate of divifion, and the character of the for- 
eign fubftances which are combined with them, fuch as iron^ 
bitumens, &c. 

It may be eafily underftood that the number of compofitions 
which can refult from the mixture of five primitive earths, 
would be infinite, if we were to pay attention to fuch"flight va- 
rieties as depend on the proportions of the mixture : but I fhall 
not confider any mixtures as constituting fpecies truly diftin£r, 
except fuch as differ in the identity of their conttituent princi- 
ples. The flight differences in the proportions of thefe princi- 
ples mav indeed occafion modifications in the form, the hard- 
nefs, the colour, &c. But thefe can never conftitute more than 
varieties. 

We fhall naturally deduce the genus from the ftone or earth 
which predominates in any mixture, and appears to communi- 
cate its own character to the total mafs. In this manner we 
fiiall clafs among the calcareous mixtures fuch (tones as exhibit 
to our obfervation the properties of lime-ftone to fuch a degree, 
that they would be taken to be purely calcareous if the chemical 
analyfis did not prove the exiftence of other principles. 



So 8 Calcaneus Mixture?, 

The genus ought not in ftritlnefs to be taken and deduced 
from the earthy principles which predominates ; for the charac- 
ter of the whole mafs or of the mixture, is very frequently given 
hj an earth which does not form the mod abundant principle ; 
as we obferve more efpecially in magnefian earths, wher^ the fiiex- 
predominates over the magnefia. 

GENUS I. 

Calcareous Mixtures. 

According to the principles we have laid down, we mult re- 
fer to this place thofe flony mixtures in which the properties of 
lime-ftone predominate. 

specie^ r. 
Lime-ftone and Magnefia. 

This mixture is very common ; almofl all the calcareous 
ftones contain magnefia. Mr. Bayen has defcribed a variety in 
the Journal de Phyfiq'ue, t. xiii. which contain in the hundred 
parts feventy-five carbonate of lime, twelve magnefia, and thir- 
teen iron, it is the earth of Crentzwald. Mr. Woulfe has de- 
fcribed another variety in the Philofophical tranfatlions for 1 779 
It afforded fixty parts carbonate of lime, thirty-five carbonate of 
magnefia, and three of iron. 

The analyfis which I have made of feveral lime-ftones in our 
province, conftantly afforded magnefia. 

SPECIES 11. 

Lime-ftone and Barytes. 

Mr. Kirwan has informed us that this fpecies is found iri* 
Derbyfhire, in the form of a ftone, and likewife in the earthy 
Hate. It is of a grey colour, and harder than ordinary lime- 
ftones. 

species in. 

Carbonate of Lime and Alumine. 

This mixture is frequently met with. It is commonly known 
by the name of Marie. The proportions of the two conftituent 
principles are infinitely various. It is upon this proportion that 
the diftin&ion of fat marles and lean marks depends, and dif- 
pofes them to ferve as manure for earths of different kinds. 
The marles are almofl always coloured by iron. 
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They appear to arife from the decompofition of the natural 
mixtures of chalk and clay, and contain more or lefs of filex ; 
but the aualyfis which I made fix years ago of all the marles I 
could procure, convinced me that they were often nothing more 
than a mixture of clay and chalk. I have likewife found mag- 
nefia in marks, fometimes in the quantity of feventeen parts in 
the hundred ; but, in general, they may be confidered as formed 
effentially by the two earths here mentioned. 

Alumine is found likewife mixed with carbonate of lime in 
marbles. Mr. Bayen has proved this in the fecond volume of 
the Journal de Phyfique : and I have confirmed the truth of his 
refults by the analyfis of feveral marbles of our province. It is 
ev«n upon this principle that we may account for the greafy 
polifh which fome of them take. 

The very evident difference which may be eftablifhed between 
the mixtures which form marie and marble, is that the firft is 
the immediate product of a decompofition principally effected by 
the alterations of the iron it contains ; whereas, the fecond is 
produced by a purely mechanical mixture of two principles al- 
ready formed, which being pounded, and ground as it were to- 
gether, form a compact, hard, clofe affemblage, fufceptible of 
the molt beautiful polifh. 

Species iv. 

Lime-flone and Silex. 

This fpecies is not common. It is known under the name of 
StellatedSpar, SternSchoerlof the Germans. It is opake, of a radi- 
ated texture or form. Mr. Fitchel found it in lime-ftone on the 
Carpathian mountains. It effervefces with acids ; and, accord- 
ing to Mr. Bindheim, one hundred parts of this itone contain 
fixty-fix carbonate of lime, thirty filex, and three iron.— See 
Kirwan. 

The mixture of the pulverulent remains of the primitive rocks 
tr.tnfported into our country by the rivers which rife in the 
Alps and the Cevennes, together with our own calcareous frag- 
ments, frequently form beds of a (tone of this nature. The on- 
ly difference between them is, that our mixtures exhibit a con- 
fitfed affemblage of all the principles which belong to the prim- 
itive rocks, fuch as clay, filex and others. 

SPECIES V. 

L^nie-ftoae and Bitumen. 

This mixture is known by the name of Swine- ftone. It a* 
bounds in the diocefes cf Alais and Uzes : I have feen the eal- 
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car-eous rock impregnated with bitumen in an extent of more' 
than three leagues diameter. It is even fo abundant in fome 
parts, that it diftils through the clefts of the rocks, and forms 
ilalactitous bitumen, which the peafants collet!: to mark their 
fheep, or to greafe their cart-wheels. The heat of our fummer 
fometimes foftens it to fuch a degree, that it flows into the roads, 
where it adheres to and impedes the motion of the fledges and 
other carriages. 

In fome places the ftone is fo well impregnated with bitumen, 
that it may be wrought ; but the blow of a hammer caufes it 
to emit an abominable fmell. Mr. D'Avejan, bifhop of Alais, 
having ufed this ftone to pave the apartments of his palace, the 
friclion and heat difengaged fo unpleafant a fmell, that his fuc- 
ceflbrs were obliged to fubftitute a ftone of another kind in its 
ftead. 

Mr. De la Peyroufe found this ftone in large mattes near Saint 
Beal in Comminge, at L'Eftagneau, and the mill of Langlade. 

SPECIES VI. 

Lime-Stone and Iron. 

Iron is almoft always a constituent part of lime-ftone ; but it 
fometimes exifts in fuch a proportion, that thefe mixtures con- 
ititute iron ores. Mr. Kirwan defcribes two of this nature; 
one of which contains twenty-five pounds of iron in the quintal, 
and the other ten. Mr. Rinmann has defcribed ftalaclites- 
which afford Iron, in the proportion of from twenty-feven to 
twenty pounds in the quintal. 

Calcareous iron ores are wrought- in many parts of our prov- 
ince. I have myfelf obtained forty-four pounds of iron in the 
quintal, from a calcareous ftone which abounds on the moun- 
tain of Frontignan. 

It is common to find, in our calcareous mountains, hematites 
rich in iron, whofe bafe is calcareous ; we find likewife fpecies 
of ludus of the fame genus, and fometimes even tufa, whofe 
fo/mation arifes from waters loaded with iron and lime. 

The fpathofe iron ores are of the fame clafs as thofe we have 
juft treated of. 

GENUS II. 

Barytick Mixtures. 

Thefe mixtures are very rare, becaufe the ftone itfelf is fcarcev 
We (hall mention only two fpecies. 
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SPECIES I. 

Sulphate of Barytes, Petroleum, Gypfum, Alum, and Silex. — BergmannI 
Sciagr. f. 90 ; Kirwan Min. p. 60. 

The name of Hepatis Stone (Lapis Hepaticus) has been given 
io this mixture. 

The colour varies much : its texture is uniform, lamellated, 
fcaly, or fparry. It takes the polifh of alabafter. 

It forms a kind of plafter by calcination, and emits a ftrong 
and fetid fmdl by friction. 

One hundred parts of this (tone contain thirty-three barytes, 
thirty-eight filex, feventeen alum, feven gypfum, and five petro^ 
Jeum. 

SPECIES 11. 
Carbonate of Barytes, Iron and Silex. 

Mr. Kirwan has mentioned this (lone on the authority of Mr. 
Bindheim. It is infoluble in acids, and of a fparry texture ; 
but he is tempted to confider it as a fulphate of barytes, in con- 
ference of the property obferved by Mr. Bindheim, that it be- 
comes foluble in acids, after haying been calcined with oil. 

GENUS JIJ. 

, Magnefian Mixtures. 

All the fpecies comprifed in this genus pofTefs characters fuf- 
ficiently ftriking, and eafily known. They are in general greafy 
and foft to the touch ; they may be cut with a knife, turned 
in a lathe, and converted into any form atpleafure. They take 
a tolerably good polifh. Some of them are difpofed into fibres ; 
and thefe fibres poflefs for the moft part, a remarkable degree 
of flexibility. They ftick to the tongue like clays ; but do not, 
like them, foften in the water. 

species 1. 

Pure Magnefia, Silex, and Alumine. 

species 11. 

Carbonate of Magnefia, Siiex, and Alumine. 

The mixture of thefe three earthy principles forms talcs, 
(teatites, pot-ftones, or lapides ollares. 



21: 



Earthy Mixtures. 



The difference which analyfis (hews between thefe two fpe- 
cies, is almoPc entirely confined to the proportions of their con- 
stituent principles. This circumstance might appear fufiicient 
to authorize us in confidering them only as varieties of each 
other. But as the magnefia is pure in the talc, and in the ftate 
of carbonates in the fteatites, we fhall confider them as different 
fpecies. 

i. Pure magnefia, mixed with near twice its weight of filex, 
and lefs than its weight of alumine, forms talc. It is of a white, 
grey, yellow, or greenifh colour ; foft and foapy to the touch, 
compofed of tranfparent lamina? placed upon each other. 
Thefe laminae are more tender than thofe of mica ; they lock: 
together, and are ufually divided into rhombi, and may be crufh- 
ed or Scratched with the nail. 

Its fpecifick gravity is 2.729. 

Fire renders it more brittle and white ; but it is infufible by 
the blow-pipe, and can fcarcely be fufed by the addition of alkali- 
The borate of foda, and the phofphate of urine, fufe it with a 
flight effervefcence. 

Mufcoyy talc is compofed of large elaftick, flexible, and tranf- 
parent leaves. Plates of talc have been raifed in the quarries of 
Vitim in Siberia which were eight feet fquare. 

2. Steatites is ufually of a greenifh white : it may be eafily 
cut with a knife ; and the duhY which is produced by fcraping 
it does not readily mix with water. 

Its fpecifick gravity is about 2.433. 

It is infufible alone, hardens in the fire, and becomes white. 
The borate of foda facilitates its fufion ; but foda, and the phof- 
phates of urine, do not perfectly diffolve it. 

According to the analyfis of Bergmann, one hundred parts of 
fteatites contain eighty filex, feventeen magnefia, in the ftate of 
carbonate, two alumine, and one iron. 

Steatites is fometimes found in maffes of indeterminate fig- 
ure, and fometimes cryftallized, fuch as that which Mr. Ger- 
hard found at Raichewtein, in Silefia. Chem. Ann. 1785. — 
And Mr. Rome de Lifle poffeffes cryltals in hexagonal laminae 
refembling the leaves of mica. 

The white fteatites of Briancon is compofed of irregular, fri- 
able, and femi-tranfparent leaves. It often inclofes cryltals of 
fteatites, of a white or greenifh colour, which have the form of 
tetrahedral prifms. 

The fteatites of Corfica appears to be farmed by fibres placed 
befide each other. It has a greenifh colour, and no perceptible 
degree of flexibility. 

The fteatites of Bareith is grey, compact and folid. 
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That of Queen Charlotte's Bay in New-Zealand is ftriated, 
green, femi-tranfparent, and fufficiently hard to give lire with, 
the tteel. 

3. The foap-ftone of China is a fteatite, often ftriated; but 
it is not more uncluous than thole we have already mentioned. 

The fteatites of Briancon forms the bafis of the vegetable red. 

4. The lapis ollaris, or pot-ftone, is only a variety of the 
fteatites. It does not appear to me to differ from it excepting in 
being harder. 

Its colour is ufually greyifli •, but it is fometimes blackened 
by bitumen. 

Mr. Gerhard has obferved that the lapis ollaris of Sweden 
effervefces with acids, and contains calcareous earth ; But this 
mixture is peculiar to it. Thofe of Saxony, Silefia, and Corfica 
do not contain it. The lapis ollaris may be wrought with the 
greateft facility. In the country of the Grifons, in Corfica, and 
elfewhere, it is turned, and formed into veffels which refill the 
fire, and have not the inconvenience of our glazed pottery ; it is 
from thefe ufes that it has obtained the name of Lapis Oilaris, 
Pot Stone, &c. 

SPECIES III. 

Ture Magnefia combined with fomewhat mere than its weight of Silex, 
one third of Alumine, near one third of .Water, and more or lets of Iron. 

This mixture forms the ferpentine. It has a great analogy 
with the preceding fubftances, but is diftinguiflied from them by 
a more evident degree of hardnefs ; by the property of acquiring 
a more beautiful polifh ; and by a quantity of iron fufficiently 
confiderable to afford it a peculiar character. 

The ferpentine is whitith, greenifh, bluifli, or blackifh ; fre- 
quently marked with black fpots, and fometimes interfedted 
with bands of various colours. Some ferpentines are even trans- 
parent. The Royal cabinet of Mines poffefs a fpecimen whole 
ground is grey, and interfp.er.fed with reddiih, femi-tranfparent, 
and chatoyant fpots. 

Serpentine varies likewife in its texture. 

It is compact, granulated, fcaly, lamellated, or fibrous. 

It takes the moil: beautiful polilh. 

The iron it contains is fometimes obedient to the magnet. 

Itsfpecifick gravity is from 2.4 to 2.65. 

It melts in a violent heat ; but a lels degree of fire hardens it. 

Mr. Bayen, who has analyfed the ferpentine, found it to con- 
tain, in the hundred parts, forty-one (ilex, thirty-three magnelia, 
twenty al ursine, three iron, and aif:> water. 
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Mr. Kirwan has obferved, that the ferpentine of Corfica, con» 
tained more alumine, and lefs filex. 

Mr. De Joubert poflefies a fpecies of ferpentine which exhib- 
its fquare plates on its furface. 

Mr. Dorthes has obferved feveral varieties of the ferpentine? 
on our Mediterranean coafts, and in the river of Herault, which 
receives them from the mountains of the Cevennes. 

SrECIES IV. 

Carbonate of Magnefia ; Silex, Lime, Alumine, and Iron. 

This combination exhibits feveral varieties, which are known 
under the name of Afbeftos, Mountain Cork. Their texture 
ferves to diftinguifh them ; but the chemical analyfis confounds 
them together, and does not permit us to allow any other dif- 
tinclion than that of varieties. 

VARIETY I. 

Afbeftos. 

This ftone is ufually greenifh ; its texture is foraetimes fi-< 
bwus and compadt, and fometimes membranaceous. 

Near Bagneres de Bigorre, in the mountains of the environs 
of Baflere, MeiTrs. Dolomieu and La Peroufe found cryftals of 
afbeftos in rhomboidal parallelopipeds. 

Afbeftos is rough to the touch, brittle and rugged. Its fpecif- 
kk gravity is from 2.5 to 2.8. 

Fire renders it whiter and more brittle. It is infufible by the 
blow-pipe, according to Kirwan ; but the abbe Mongez affirms 
that afbeftos and amianthus are fufible, and form an opake glo- 
bule, which becomes bluifh. It is difficultly foluble with fo- 
lia ; but more eafily with borate of loda and the phofphates of 
urine. 

According to Bergmann, the afbeftos contains in the quintal 
from fifty-three to feventy-four filex,about fixteen parts magnefia, 
from twelve to twenty-eight carbonate of lime, from two to fix 
alumine, and from one to two iron. 

VARIETY II, 

Mountain Cork. 

This name has been given on account of a flight rcfemblance 
of this fubftance to cork. This ftonc is very light, membrana- 
ceous, flexible, and ufually cf a ycllcwcolour. -It may be more 
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fcafily torn than broken. . The diocefe of Alais affords very fine 
fpecimens. 

Among a very great number of ftones of this nature, fubjecr- 
ed to analyfis by the celebrated Bergmann, the filiceous earth 
was always found predominant ; and after that the magnefian, 
which was never lefs than twelve parts in the hundred, nor 
more than twenty-eight. 

species v. 

Carbonate of Magnefia and Lime, Sulphate of Barytes, Alumine, and 

Iron. 

This combination forms amianthus, It is compofed of long 
flexible fibres, parallel to each other, and very foft to the touch. 

They are fometimes very white, but often yellowifh. The 
filaments may be feparated and detached from each other ; and 
may be even twifted in any direftion without danger of break- 
ing them. Their flexibility is fo wonderful, that they may be 
formed into cloth. The ancients conftrufted cloths of this 
kind, in which they burned the bodies of the dead ; and bv this 
means the allies were collected without mixture of thofe of the 
fuel. 

Mr. Dorthes found amianthus in tufts upon calcareous ftones 
thrown up by the fea, on which it was fixed with plants, coral- 
lines, gorgonia, &c. He believes, with reafon, that this amian- 
thus did not originate upon the ftones, but that it was depofitec! 
by the water. He found likewife, on the coaft, balls of the 
amianthus of two or three inches diameter imitating xgagropiles, 
and formed by the intertwining of the threads of amianthus \ 
and covered with a white tophofe fubftance, of the nature of 
that which covers the gorgonia, and is the work of a fpecies or 
fea animalcule. 

The fibres of amianthus are of various lengths. I have re- 
ceived fpecimens from Corfica, whole filaments were very flex- 
ible, and eight inches long. That from the Pyrenean mountains 
has fhorter fibres. 

Bergmann analyfed an amianthus from the vicinity of Taren- 
to, of which 100 parts afforded 64 filex, 18.6 magnefia, 6.y lime,. 
6 fulphateof barytes, 3.3 alumine, 1.2 iron. 

GENUS IV. 

Aluminous Mixtures. 

Argillaceous or aluminous ftones are common eno 
They are feldom poflefled of more than a moderate degree of 
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hardnefs, and are divifible hi.water. But the mixture of their 
principles is in foine inftanok £b intimate, that they poflefs a 
very ftrong degree of conuitcncV 

\ 

SPECIES 1. 

Alumine, Silex, Carbonate of Lime, and more or lefs of Iron. 

We may here place all the varieties of clay. Chemical anal- 
yfis exhibits, conflantly enough, the principles whofe mixture 
forms this fpecies ; but the proportions among thefe conftituent 
principles vary fo much, that the varieties of clay are almoft infi- 
nite. Independent of the principles above enumerated, we 
fometi-mes find lime combined with clay, and fometimes even 
magaefia •, and it will be eafy to form various fpecies, in pro- 
portion as the analyfis of thefe earths (hall become more perfect. 

The argillaceous mixtures of which we propofe at prefent to 
fpeak, are characterized by the following properties : — -They ad- 
here itrongly to the tongue, become dry, hard, and flvrink in the 
fire; are divided, and form a pafte, with water, iri which (late 
they may be eafily moulded and turned, &c. The clays iri 
which the filiceous principle is molt abundant are the dried, 
•adhere lefs to the tongue, are lefs completely diffufed in water, 
and crack lefs when dried by the heat of the fire or the fun. 

Mod clays contain iron ; and this metal is ufually the prin- 
ciple of their colour. From the brownifh clay, in which iron 
is almolt in the native (late, to the deepeft red, all the various 
lhades are owing to the feveral degrees of alteration in this 
metal. Thefe various changes are effected either at the furface 
of the globe by the immediate action of the air, which calcines 
the iron, or elfe in the bowels of the earth : in which lafl cafe, 
the effects arife from the decempofition of water and of the py- 
rites. We may trace this beautiful work of nature in feveral 
pyritaceous ft rata in our province ; and ort this fubject refer- 
ence may be had to my Memoir upon the Brown Red (Brun 
Rouge), printed by Didot by order of the province. 

We fnall direct our attention lefs to the feveral varieties of 
clay than to the ufes to which they are applied. The firft of 
thefe ufes is to form the bafis of pottery. 

Several fpecies of pottery may be obferved, which neverthe- 
lefs differ from each other only in the degree of finenefsof the 
earths made ufe of, and the care that has been taken in per- 
forming the various manipulations which thev undergo. 

i. The molt common pottery is made with any kind of clay 
indilcriminately, which is mixed with fand, to render it m 
porous, and by this means more adapted to fupport the hear. 
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Thefe veflels would be penetrable by water, if they were not 
covered with a glaze. 

The glazes of pottery are ufually made either with the ful- 
phureous lead ore called Alquinfoux, and in England, Potters' 
Lead Ore, or with the yellow copper ore. For this purpofe, 
thefe fubftances are reduced to powder, mixed with water, and 
the veflel, pvevioufly dried by a flight baking, is dipped in the 
mixture. The porous veflel abforbs the water, while its furface 
becomes covered with the pounded ore. The vefTel is then car- 
ried to the furnace, and baked by a heat which vitrifies the ore 
upon its furface : and it is this metallick glafs which forms the 
glaze of the potters, and is yellow or green, according to the met- 
al made ufe of. 

Thefe glazes are all dangerous j becanfe they are foluble in 
fats, oils, acids, &c. 

The attention of intelligent manufacturers has been long di- 
rected to the methods of fubftituting in the place of thefe glazes, 
others which are not attended with the fame danger. 

We might after the manner of the Englifh, vitrify the furface 
of our pottery by means of fea fait thrown into the fire-place 
when the furnace is at 3. white heat ; but this method is im- 
practicable in moft of our manufactories, becaufe our fires are 
not fufficiently ftrong. 

I have tried various methods to glaze pottery ; and two a- 
mong them have fucceeded well enough to juftify my publifhing 
them. The firfl confifts in mixing the earth of Murivel in wa- 
ter, and dipping the pottery therein : this done, they are fuffer- 
ed to dry : after which they are plunged into a fecond water, 
in which levigated green glafs is mixed. ' This covering of vit- 
reous powder fufes with the clay of Murivel ; and the refult is 
a very fmooth, very white, and very cheap glazing. 

The fecond method confifts in immerfing the dried pottery 
into a ftrong folution of fea fait, and afterwards baking them. 
The trial which I have made in my furnaces gives me reafon to 
expect that this merhod may be ufed in large works. 

1 have likewife obtained a very black glazing, by expofing 
pottery (trongly heated to the fumes of fea-coal. I have coated 
feveral veflels in this manner, by throwing a large quantity of 
coal in powder into a furnace wherein the pottery was ignited 
to whitenefs. The effect is (till more complete when the chim- 
neys or tubes of sfperaticn of the furnace are at that moment 
clofed, and kept ib for fome minutes. 

I have given an account of all thefe circumfhnces, and many 
others, in a work preferred to the Royal Society of Sciences of 
.Montpellier : in which I hr.ve proved, from the results of mv 
D 



21 & Earthy Mixtures. Pottery. 

experiments in the large way, that the beft mixture of our own 
earths is capable of affording us the mod beautiful and fineft 
pottery of every kind. 

2. Fayence.* This does not differ from the pottery we have 
here fpoken of, except in the degree of finenefs of the earths 
ufed for its bafis, and the nature of its covering or glaze. 

The glazing of fayence is nothing elfe, as is well known, but 
glafs rendered opake by means of the oxide of tin. It is the 
glafs called Enamel. 

To make the fine while enamel of the potters, one hundred 
pounds of lead, thirty of tin, ten of marine fait, and twelve of 
purified pot afh, are calcined together. This mixture, after 
calcination and fufion, produces a beautiful enamel, which is 
applied in the fame manner as the glaze before fpoken of. 

Bernard de Paliffy excelled in the art of fayencery ; and it 
is to him that we are indebted for our firft acquifitions in this 
manufacture. f 

* Diitinguifhed by us by the name of Delft Ware. T. 

f I cannot refill my inclination to infert in this place a few circum- 
fiances of the life of this great but unfortunate man, who lived in the 15th' 
century. He was a native of the diocefs of Agen, and his firft employ- 
ment was that of furveyor or draftfman of plans : but his taft'e for natu- 
ral hiftory led him to abandon this employment : and he travelled for 
inftruction over the whole kingdom, and Lower Germany. An acciden- 
tal ' circumftance threw into his hands a cup of enamelled pottery; and, 
from that time his whole time and fortune were taken up in experiments 
on enamels. Nothing can be more interefting than the narrative which 
he himfelf has given of his labours. He exhibits himfelf building and re- 
building his furnaces ; always on the eve of fuccefs ; worn ovit by labour 
and misfortune, the derifiori of the publick ; the object of the angry ■ re- 
monflrances of his wife; and reduced to burn the funiture, and even the 
v/ood-work of his houfe, to keep his furnace going.- His workman preffes 
him for money ; he {trips himfelf, and gives him his clothes. But at 
length, by dint of indefatigable labour, conftancy, and genius, he arrived 
at the defircd degree of perfection ; which gained him the efteem and 
confederation of" the greatefl men of his age. He was the firft who form- 
ed a collection of natural hiftory at Paris, and even gave lectures on that 
fcience ; receiving half a crown from each of his auditors, under the ob- 
ligation of returning it fourfold if any thing he taught mould prove falfe. 
The high reputation he acquired, and the obligation under which his coun- 
trymen flood indebted to him, were not fuffkient to defend him from the 
perfecutions of the League ; for Matthew De Launay, one of the greatefl 
fanaticks, caul'ed him to be dragged to the Baflile at the age of ninety 
years. He fignalifed himfelf in his prifon by acts of firmnefs and heroifm. 
Henry the Third vifitedhim, and reprefented his fituation in thefe words : 
" My good man, if you cannot reconcile yourfelf to the matter of relig- 
ion, I lhall be compelled to leave you in the hands of my enemies." — 
Paliffy anfwered, " Sire, I was perfectly ready to furrender my life for 
*' the glory of GOD. If this action could have been accompanied with 
M any regret, certainly it muft have vanifhed after hearing the great King 
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3. The finefl pottery is known by the name of Porcelain ; it 
jought to be white, tranfparent, and of a fine grain. 

The firft procelains were manufactured in Japan and China. 

The celebrated Reaumur firft undertook a capital feries of 
experiments to imitate thefe potteries - but, deceived by the 
femi-tranfparence and vitreous apppearance of porcelain, he 
imagined it to be a femi-vitrification, and attended only to the 
means of flopping the procefs of vitrification at a certain ftage 
of its effect, or of caufingit to become reverfed. He fucceed- 
ed in his undertaking, by filling bottles with fand and gypfum, 
and expofing them to a potter's furnace. I have likewife pro- 
duced the fame effect by a very different pffccefs, though depen- 
dent on the fame theory. When I concentrate my oil of vitriol 
•in the green glafs of our manufacture, that part of the retort 
which is continually (truck by the rifing oil of vitriol becomes 
white, and lofes its tranfparence. This phenomenon conftant- 
}y takes place, whenever the fire is raifed fome what more than 
ufual. The retort preferves its form ; but all its alkali is ex- 
tracted, and there remains only the quartzofe principle of a 
beautiful white colour, fomewhat cracked like the procelain of 
Japan. As the decompofition commences at the interiour fur- 
face, which is immediately acted on by the vapours, this furface 
is frequently rendered white, and difcoloured ; while the exte- 
riour furface remains perfectly vitreous, and exhibits a linking 
contrail. For, when the interiour furface of the glafs is in- 
fpected, it prefents a white covering applied againll a furface 
of glafs ; forming, by the union of both, a thicknefs no greater 
than that of which retorts are ufually made. 

Father Dentrecolles fent from China the fubftances ufed in 
the fabrication of porcelain : they are known by the names of Ka- 
olin and Petunce. Similar fubftances were foon found in France > 
and our porcelain manufactories, in a fhort time, equalled the 
mod beautiful productions of this kind, and even exceeded them 
in the beauty of defign and figure. The manufactory of Seves 

" of France fay, / am compelled. This, fire, is a fituation to which nei- 
" ther yourfelf, nor thofe who force you to act contrary to your own dif- 
" polition, can ever reduce me : becaufe I am prepared for death ; and 
" becaufe neither your whole people, nor your Majefty, pofiefs the 
'.* power of forcing a fimple potter to bend his knee before images." — 
Bernard de Palifly was the firft who affirmed that calcareous mountains 
are the remains of fhells. He has exhibited fuch a degree of intelligence 
and fagacity in all his writings, that he deferves to be placed among 
thofe great men who are an ornament to our nation. The very form 
of his works exhibits a proof of original genius. They confift of di- 
alogues between Theory and Practice. Practice is always the inftruct- 
or; and Theory is reprefented as a fcholar, proud of his own undc;- 
ftandirg but indocile and ignorant. 
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is at prefent, without contradiction, the firft in the world. No- 
thing can equal the beauty of its paintings, the regularity of de- 
fign, and the elegance of form, which are given to the veflels 
produced in this manufactory. 

Four principal operations may be diftinguifhed in the manu- 
facture of porcelain. — i. The preparation, the mixture of earths 
and the working of the pafte. 2. The firft baking, which 
forms the bifcuit. 3. The application and fufion of the glaze 
and covering. 4. The art of painting, which demands a third 
baking, in order that the colours may be better combined, fuled, 
and amalgamated with the glaze. 

I have myfelf made very beautiful porcelain with the kaolin, 
which is found in veins in the granite of St. Jean de Gardon- 
enque, and the feld fpar fo common in our mountains of Ceven- 
nes. 

The quantity of porcelain which is made in China is immenfe. 
There are five hundred furnaces, and near a million of men, 
employed at King-to-ching, a province of Kian-fi. 

Our days pofiefs other advantages likewife : they ferve in 
the fulling-mills, to clean and full piece goods. The bell ful- 
lers' earth is foft and foapy. 

The name of tobacco-pipe clay is given to a white clay, 
which preferves its whitenefs in the fire, and refills a violen: 
heat. 

The fcaled earth, or terne figalatae, are clays upon which 
fuperflition has bellowed chimerical virtues. They are im- 
prefied with a feal, for the purpofe of deceiving the publick 
with greater certainty and effrontery. 

Almoft all the marles, more efpecially thofe which are found, 
in ftrata, appear to me to be compofed of the fame principles. 

Much variation prevails with refpec~l to the proportion of 
thefe conftituent principles, and mere efpecially with regard to 
the clay which predominates. 

species 11. 
Alumine., Silex, Pure Magneda, and Iron. 

Mica, which refults from the mixture of thefe principles, has 
been improperly confounded with talc. Mica is foft to the 
touch, but not greafy like talc. It pofTefles in general a more 
brilliant and lefs earthy colour, if I may ufe thefe exprtffions. 

The moft ufual colour of mica is white or yellow, inclining 
to red ; but it ha3 been found of a greenifh red, brown, and 
other colours. 

Jts texture likewife varies : it is fcaly, lamellated, or ftriated. 
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ft fometimes exhibits the form of a fegment of an hexago- 
nal prifm. 

It is ufually found mixed with feld fpar, quartz, fchorl, &c. 
It almolt always exifts in the primitive rocks. Its fpecifick 
gravity is from 2.535 to 3.000 when charged with iron. — . 
Kir wan. 

The colourlefs mica is infufible. It is only partially foluble 
in foda, in which it becomes divided with etfervefcence ; it fu- 
fes in the borate of foda, and in the phofphate of urine, with 
fqarcely any effervefcence. 
• The coloured micas are fufible. — See de Sauflure. 

The fragments of mica are employed, under the name of 
Cats Gold or Silver, according to the colour, as a fand for dry- 
ing ink upon paper. 

Its yellow colour, which confiderably refembles that of gold, 
often deceives the ignorant, who fuppofe that they have dif- 
covered a mine of this precious metal when they find a few 
pieces of this ftpne. 

Mr Kirwan obtained from one hundred parts of colourlefs 
mica, thirty-eight filex, twenty-eight alumine, twenty magnefia, 
and fourteen oxide of iron. 

SPECIES III. 

Alumine, Silex, Magnefia, Lime, and Iron. 

The mixture of thefe principles forms the horn-ftone, ov 
horn-blende of the Germans. This ftone has a clofe grain, is 
difficultly pulverized, and is flightly flattened under the hammer. 

Its colour varies, which is either black or of a greenifh grey j 
and its texture is in general either lamellated or ftriated. 

Its general characters are, partial folubility in acids without 
effervefcence ; a degree of hardnefs which never amounts to 
that of afford ing fire with the fteel ; a fpecifick gravity never 
lefs than 2.66, and frequently as high as 3.88 •, a itrong earthy 
fmell, which it emits when breathed upon, or is moiftened with 
hot water ; a tenacity under the peftle, Sec. — See Kirwan, who 
diftinguilhes two varieties. 

VARIETY I. 

Black Hornc-Stone, Lapis CorneusNitensWallerii 

Its texture is either lamellated or grained. In the fir ft cafe 
it is lometimes fo foft as to be capable of being fcratched with a 
pail. Its furface is frequently of a fhining gveafy appearance - 3 
and its fpecifick gravity is from 3.6 to 3.88. 
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Mr. Kirwan found that the lamellated fort contains thirty* 
feven parts filex, twenty-two clay, fixteen magnefia two lime^ 
and twenty-three oxide of iron. 



VARIETY II. 

Horn -{lone of a Greenifh Grey Colour. 

This variety is either of a granulated or flriated texture. Mr. 
Kirwan found its fpecifick gravity to be 2.683 ; it is harder 
than the preceding. 

The pale greenifh hone is of this quality. Its grain is clofe ; 
it emits an earthy fmell, does not effervefce with acids, nor 
ilrike fire with fteel. It contains, according to Kirwan, fixty- 
five parts of filex to the hundred, and its fpecifick gravity is, 
6.664. 

SPECIES IV. 
Alumine, Silex, Carbonate of Magnefia, and of Lime with Iron. 

This fpecies, which comprehends the flate or fchiftus, does 
not appear to differ effentially from the preceding, fince its prin- 
ciples are the fame, and there is no other difference excepting 
what depends on the ftate of the lime and magnefia •, which in, 
this lad effervefces flightly with acids, according to Kirwan. 

The flate is an argillaceous ftone, whofe principal character 
is that of being divifible into very thin plates, capable of being 
wrought, and of receiving a certain polifh. 

The colour of the flate is blue, of feveral degrees of intenfitv x 
but this colour varies, and exhibits the following fhades. 

VARIETY I. 

Bluifh Purple Slate. 

This is brittle, and of a lamellated texture ; does not give 
fire with the fteel ; its fpecifick gravity is 2.876 ; it affords a 
very clear and filvery found, when divided into plates of an uni- 
form thicknefs ; it flightly effervefces with acids when it is re- 
duced into powder, but not elfe. 

It forms black fcorx in a ftrong fire. Soda affifls its fufion, 
and it is fufed flill more eafily with the borate of foda. 

From one hundred grains of this flate Mr. Kirwan obtained 
forty-fix filex, twenty-fix alumine, eight magnefia, four carbon- 
ate of lime, and fourteen iron. 

Slates are ufed to form tablets, and to cover the roofs of houfes. 



I 
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VARIETY II. 

Black Slate. 

This receives a confiderably fine polifh when rubbed. The 
powder which is detached is white, and (lightly effervefces with 
acids. 

VARIETY III. 

Blue Slate. 

The blue flate contains Iefs iron than the firft variety. It is 
ufually hard, and of a very fine grain. 

VARIETY IV. 

Slate of a pale White Colour. 

It is lefs martial than the other varieties, and is more difficult* 
ly vitrified. 
Slates are ufed to form tablets, and to cover the roofs of houfes. 

SPECIES v. 

Aiumine, Silex, Pyrites or Sulphure of Iron and Carbonate of Lime and 
of Magnefia. 

The fchiftus which refults from this combination is known by 
the name of Pyritous Schiftus. 

The pyrites arc fometimes difperfed in the mafs, in the form 
of cubical cryftals. Sometimes they are difcovered only by an- 
alysis, or by the fpontaneous decompofition of the ftone. 

The mountains which afford this fchifti appear to me to be 
marine depofitions. ImprefTions of leaves, of fifhes, and other 
characters, are frequently obferved, which leaves no doubt of 
their origin. 

The pyrites foon efflorefce when the concurrence of air and 
water alTifts their decompofition ; and the refults then are ful- 
phurick falts, with bafes of magnefia, aiumine, iron and lime. 
When the fulphate of aiumine predominates, it is called alu- 
minous fchiftus. Moil of the alum ores wrought in Europe are 
of this nature. We have feveral in Provence which might be 
wrought ; the fchifti of Vebron in the Gavandan, thofe of 
Curvalle in the Albigeois, afford much alum by their decompo- 
fition. 
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When the tnagnefian principle prevails, the efflorefeence con- 
fifts of Epfom fait. I have difcovefed a mountain of this kind 
in Rouergue, in the neighbourhood of Saint Michael. 

Thefe efflorefcences of alum or Epfom fclt are always more 
or lefs abundantly mixed with the fuiphatesof iron and of lime \ 
becaufe the fulphurick acid, which is formed by the decompo- 
fition of the pyrites, attacks and diffolves all the principles con- 
tained in the fchiflus. 

The decompofition of thefe pyrites may be haftened by expo- 
fure to air, calcination, &c. 



SPECIES VI. 

Alumine, Silex, the Carbonate of Lime and of Magnefia, the Sulphure" 
of Iron, and Bitumen. 

This fchiftus does not differ from the foregoing, excepting in 
onfequence of its being impregnated with bitumen. It is ufu- 
aily of a black colour, which it owes to its bituminous princi- 
ple. Its confidence is various ; it is fomctimes divifible in flakes* 
and, its furface is either fmooth or rugged. 

Thefe are the fchifli which ulually form the focus of volca- 
noes. When their decompofition is favoured by air or water a 
prodigious heat is excited, hydrogenous gas is produced, which 
exerts itfelf againit the f unrounding obftacles, and takes fire 
when it comes in contact with the air. It is this inteltine la-, 
hour which occaftons the {hocks and tremulous agitations that 
precede the eruptions of volcanoes. The action of volcanoes 
rnufl be more lading and terrible, in proportion as the quantity 
of aliment and the focus are the more confulerable. 

We might, in! itriflnefs, place the pit-coals here, as they do 
not differ from this fchiltus but in their greater abundance of the 
bituminous principle. We daily obferve fpontaneous inflam- 
mation to take place in heaps of pyritous coal, and the fame 
efi'ecl happens dven in the midft, of the veins which are wrought. 
ttpTes of this may be pointed out in the kingdom of 
re. There even exifls at Cranfack in Rouergue a true 
'n^ volcano. The mountain which contains the coal is 
prodigioufly hot, and fiames are perceived from time to time en" 
its fummir, which iflue from its bowels. All thefe phenomena 
depend on the fame caufe ; and from the fmall artificial volca- 
no of Lemery, to the terrible eruptions of Vefuvius, there is no. 
r difference tban what eonfirts in t) itudc of the 
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When the earthy and metallick principles, which form the 
bafis of bituminous fchifti, are itrongly heated, and almoft vitri- 
fied by the fire which produces their decompofition, they confti- 
tute volcanick products. 

SPECIES VII. 
Alumine, Silex, Lime, and Water, 

This (lone which is called Zeolite, was unknown to mineral- 
Ogifts before the celebrated Cronftedt gave a defcription of it. 

It is ufually of a femi-tranfparent white : but this colour is 
fometimes altered by metallick mixtures, and then it affumes all 
kinds of tinges. 

The name of Zeolite has been given to it on account of its 
property of forming a jelly with acids. This property has even 
been confidered as exclufive and characleriftick. But Mr. Swab 
has very jultly obferved, in the year 1758, that all zeolites do 
not poflefs this property ; and Mr. Pelletier has proved in the 
twentieth volume of the journal de Phyfique that this property 
is not even peculiar to zeolites. 

The exiftence of zeolites in certain lavas has induced fome 
naturalifts to confider them as produced by the decompofition o£ 
volcanick earths. 

The moft beautiful zeolites come to us from the iflands of 
Ferro near Iceland. The form of this ftone is conftant. The 
radii which compofe it diverge as it were from a central point* 
and are difpofed after the manner of a fan. The radius which 
terminates at the external furface, is found to exhibit a trihedral 
or tetrahedral pyramid. 

The white zeolite affects two principal forms, the cube, and 
the tetrahedral prifm, fometimes flattened, and terminated by an 
obtufe tetrahedral pyramid. 

Its fpecifick gravity is from 2.1 to 3.15. 

The zeolite, expofed to a ftrong heat, dilates, and f wells more 
or lefs, according to the proportion of water it contains, and 
at length melts into a porous fcoria. Soda fufes with it with 
effervefcence ; the borate of foda diffolves it more difficultly ; 
and the phofphates of urine have fcarcely any action upon it. 

Bergmann obtained from one hundred parts of the red zeolite 
of Adelfort, 83 filex, 9.5 alumine, 6.5 pure-lime, and 4 water. 
Letters on Iceland, p. 370. 

The white zeolite of Ferro contains, according to Pelletier, 
fifty filex, twenty alumine, eight lime, and twenty-two water. — 
Journal de Phyfique. t. xx. 
2..'.E 
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Meyer obtained from a radiated zeolite 51.33 filex, 17.5 
alumine, 6.66 lime, 17.5 water. 

Mr. Kirwan rightly obferves, that the cryftallized fpecies con- 
tain more Water than the others. 

genus v. 

Siliceous Mixtures. 

We (hall place in this genus all the (tones which give fire 
with the fteeh 

SPECIES Iv 
Silex, Alumine, Lime, and Iron intimately combined. 

The mixture of thefe feveral earths forms the precious (tones 
or gems. All the varieties of gems depend on their colour, 
hardnefs, brilliancy, weight, the proportion of their condiment 
parts, and their more or lefs intimate combination. 

The numerous experiments of the celebrated Bergmann on 
precious (tones, have thrown the greatefl: light on their nature 
and compofition. The analyfes of Mefirs. Gerhard, Achard, 
&c. by exhibiting a (tricl identity of principles, have confirmed" 
to us the refults of the famous Swedifh chemift •, and it appears- 
that no reafonable doubt can now be formed againft thofe prin- 
ciples. 

As gems or precious (tones are diftinguimed in commerce by 
their colour, we (hall preferve this eltiblifiisd diltinttiom 

division r. 

Red' Gems or Precious Stones— the Ruby, G'Arn-et, &c. 

1. The ruby is a precious (tone of a fiery red colour, electri- 
cal by friftion, giving fire with fteel, the molt ponderous and 
the hardeft of precious (tones. It cryftallizes in long hexahe- 
drai pyramids applied bafe to bafe, without an intermediate 

prifm. _... . ._ , 

Its fpecifick gravity is from 3. 1 8 to 4.283. It is not vitrified 
in the fire without addition ; and even refills the action of the 
burning mirror. Flame urged by vital air eafily fufes it. It 
does not lbfe its colour at the degree of heat which is fufficient 
to melt iron. The borate of Soda and the phofphates of urine- 

fufe it. 

Ofte hundred parts of ruby contain, according to Bergmann,, 
forty alumine, thirty-nine filex, nine lime, and ten iron. 
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The lapidaries, with whom havdnefs and tranfparency are 
rthe principal characters of ftones, diftinguifh rubies of different 
,tolours ; and the inhabitants of Pegu, whoconfider the modifica- 
tions of the colouring principle as different degrees of maturity, 
confound the topaz and the fapphire under the name of rubies, 
of which they make three varieties. 

The name of opinelle ruby, or Calais ruby, is given to the fame 
kind of ftone, accordingly as its colour is of a pale or a deep red. 
This ruby cryftallizes in octahedrons and has a lefs fpecifick 
gravity than the oriental ruby. 

2. The garnet is tranfparent when it is not over-loaded with 
iron. It is in general obedient to the magnet, and of a yellow- 
ifh red. The forms of the garnet appear to be derived from the 
rhomboidal parallelepiped, terminating in fix equal rhorrtbufes; 

They vary prodigioufly in colour, and thefe varieties are — r. 
The red, or the carbuncle of Theophraftus, according to Hill : 
h has a deep red colour. 2. The Syrian garnet, of a deep red, 
ilightly tinged with yellow. 3. The violet garnet, of a beauti- 
ful red mixed with violet. 

All the garnets, whether denominated oriental or occidental, 
rank in one of thefe three claffes. 

Garnets change inthe fire into an enamel df a blackifh red. 
They are ftrongly attacked by the borate of foda, and the phof- 
phates of urine. 

Garnet is found in fmall grains in fand ftone (gres) or in 
I'chiftus. 

The texture of the garnet is lamellated, and its fracture vitre- 
ous. 

Its hardnefs is inferiour to that of other gems, but it exceeds 
that of rock cryftal. 

Its fpecifick gravity is from $.6 to 4.188. 

One hundred parts of garnet contain, according to Mr. A- 
chard, 48.3 filex, 30 clay, 1 1.6 lime, 10 iron. 

They fome times contain tin, or even lead j but this is fel- 
doin. — Bergmann. 

DIVISION II. 
Yellow Gems or precious ftones — the Topaz, the Hyacinth, &c. 

1 . The topaz is of a gold colour. "We are acquainted with 
two principal varieties : the occidental or Brazilian topaz, which 
has the beautiful deep yellow colour of gold ; and the oriental 
whofe colour is lighter. The Saxon topaz refembles the latter. 
The oriental topaz lofes neither its colour nor its tranfparen- 
cy in the porcelain furnace. The Brazilian topaz lofes its pol- 
afh, its hardnefs, and its tranfparency, but without melting. 
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The oriental topaz affects the octahedral form. 

The Brazilian topaz cryftallizes in rhomboidal tetahedrafc 
prifms, grooved longitudinally. They are terminated by two 
tetrahedral pyramids with fmooth triangular faces. 

The Saxon topaz exhibits long fuboctahedral prifms, termi- 
nated by hexahedral pyramids more or lefs truncated at their bafe. 

The fpecifick gravity of the oriental topaz is ro that of water 
as 40.106 to 10.000 ; that of the Brazilian topaz is as 35.365 
to 10.000. — See Briflbn. 

The analyfis of one hundred parts of topaz afforded Berg- 
nriann forty-fix clay, thirty-nine filex, eight carbonate of lime, 
and fix iron. 

2. The oriental hyacinth is of a reddifh yellow colour. 

It is ufually cryftallized in the form of a rectangular tetrahe- 
«lral prifm, terminated by two quadrangular pyramids with 
jhombick faces. 

It lofes the brilliancy of its colours by the fire. M. Mongez 
confiders it as infufible by the blow-pipe. Mr. Achard affirms 
that he fufed it in a wind furnace. 

One hundred parts afforded Bergmann forty alumine, twenty- 
iive filex, twenty carbonate of lime, and thirteen iron. That 
of which Mr. Achard has given the analyfes contained 41.33 
alumine, 21.66 filex, 20 carbonate of lime 13.33 lTon ' 

Hyacinths are found in Poland, in Bohemia, in Saxony, Ve-. 
lay, &c 

The hyacinth, rendered white by fire, is known by the name 
of Jargon. According to Mr. Lavoifier, the hyacinth of Puy 
in Velay becomes white in fire urged by vital air. 

Its fpecifick gravity, compared with that of water, is as 36.873; 
to 10.005. — See Brifion. 

DIVISION III. 

Green Gems — the Emerald, Chrysolite, Beryl, &c« 

1. The Peruvian emerald is of a green* colour, electrical by 
friction, and cryftallized in hexahedral prifms, truncated flat at 
each extremity. 

The jafpers, or green fchorles, which are called prafe or moth- 
er emerald, have often been confounded with the emerald. 

Cryftals of emeralds are frequently found inferted in the 
gangues of quartz, and even of fpar. 

According to Mr. Sage, the more tranfparent emeralds are, 
the lefs their colour is changed in the fire. They become opake, 
and of a greenifh white. There are fome which are reduced 
to enamel at their furface. 
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Mr. Darcet affirms, that in his experiments the emerald loft: 
Its tranfparency, and moll of its colour, but that its form was 
not changed. In the experiments at Vienna in Auftria, the 
emerald melted in twenty-four hours ; and at Florence it was 
fpeedily fufed by the burning mirror. Mr. De Sauffure fufed 
it by the blow-pipe into a compact grey glafs ; and Mr. Lavoifier, 
with a ftream of vital air, fufed it into an opake milky bubble, 
whofe internal part was greenifh. 

Its fpecifick gravity, compared with that of water, is in the 
proportion of 27.755 to 10.000. 

One hundred parts afforded Bergmann fixty alumine, twenty- 
four fdex, eight lime, fix iron. 

Achard obtained 60 alumine, 21.26 filex, 8.33 lime, and 5; 
iron. 

The emeralds which come from America are called occident- 
al. Peru and the Brazils afford the moft beautiful : they may 
be diftinguifhed by the colour ; that of Peru is of a fatin colour 
or appearance ; the colour of the Brazilian is lefs lively. 

The emerald is the fofteft of gems, and may be Scratched 
by the topaz, the fapphire, &c. 

2. The chryfolite or peridot is of a green colour, flightly in- 
clining to yellow. 

Its form is that of an hexahedral pyramid with unequal fides, 
frequently ftriated, and terminating in two hexahedral pyramids- 
Mr. Sage affirms that this (tone fuffers no alteration in the 
moft violent heat, its colour not being fo much as altered : and 
the fame chemift pretends that Wallerius did not operate on a 
true chryfolite, becaufe he affirms that it loft its colour. Meflirs-. 
Lavoifier and Erhmann fufed it into a white, dirty, dull-colour- 
ed glafs, by the afliftance of vital air. 

The Ipecifick gravity of the Brazilian chryfolite is in propor- 
tion to that of water as 26.923 to 10.000. — Brifibn. 

Mafles of granulated chryfolite of various fhades of green col- 
our are found in the prifmatick bafaltes, and in feveral other 
volcanick products. 

Thefe chryfolites are common in the volcanoes of our province. 
Mr. Sage received from Auvergne an hexagonal prifm fix inches 
in diameter, formed by the union of chryfolites of different col- 
ours. 

3. The beryl, or aqua marina, is of a very bluifh green. 

The Saxon beryl, as well as that of Siberia, fent to Mr. Sage 
by Mr. Pallas, exhibits hexahedral, ftriated, truncated prifms, of 
a lamellated texture. 

The pure beryl decrepitates in the fire, lofes its tranfparence, 
and is fufible by the blow-pipe. 
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Its fpecifick gravity, in proportion to water, is 3535.48910 
10.000, for the oriental aqua marina ; and 27.227 to 10,000 
for the occidental. — Briffon. 

A blue aqua marina, in long, flattened, tetrahedral prifms, 
grooved longitudinally, and united Tideways, is found among 
the granites of Spain, and on the declivity of Saint Symphorien, 
near Lyon. This ftone is very common at Baltimore in Amer- 
ica. 

DIVISION IV. 

Blue Gems — Sapphire. 

The colour of the fapphire is a fky-blue. The fapphires of the 
fcrook d'Expailly have a green tinge, and change in the fire in 
the fame manner as thofe of the Brazils ; whereas the oriental 
fapphire is not changed in our ordinary furnaces. Mr. Erh- 
mann caufed the clear oriental fapphire, and of a perfect blue, 
to run into an opake white globule by fire excited by the dream 
of oxigene. 

The experiments of Meflrs. Achard, Sage, D'Arcet, Erhmann, 
Lavoifier, Geyx, Quift, &c. exhibit a variety of refults in the 
analyfes of gems by fire, which can be attributed only to the 
•manner in which they applied it ; and more efpecially to the 
-very variable nature of the (tones upon which they made their 
experiments. 

The oriental fapphire, and that of Puy, have the form of two 
<very long hexahedral pyramids joined and oppofed bafe to bafe, 
■without any intermediate prifm. Mr. Sage, faw a fapphire in a 
rhomboidal cube, or fix fided figure. 

The fapphire analyfed by Bergmann afforded him per quintal* 
58 parts alumine, 35 filex, 5 lime, and 2 iron. 

Mr. Achard obtained from his analyfis 58.33 alumine, 33.33 
{ilex, 6.66 lime and 3.33 iron. 

The fpecifick gravity of the fapphire of Puy is in proportion 
to water as 40.769 to 10.000 ; that of the white oriental fap- 
phire is as 39-911 ', and that of^ the Brazilian fapphire is as. 

SPECIES II. 

Silex, fometimes pure, but oftener mixed with a very finall quantity of 
Alumine, Lime, and Iron. 

This fpecies eflentially comprehends quartz and rock cryftaL 

The name of Quartz is given to the opaque, or irregularly- 

figwrtd verifiable itone ; and that of Rock Cryftal to the fame 
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•tone cryftallized. As the principles are nearly the fame, this 
nrcumftance naturally eftablifhes a divifion of thefe (tones into 
two claffes. 



division r, 
Rock-Cryftal. 

Rock cryflal is a (lone which exhibits filex in a Mate more 
nearly approaching to purity than in any other natural fubftance 
yet obferved. Mr. Gerhard has even found fpecimens perfect- 
ly pure ; but one hundred parts of cryflal, ftriclly analyfed by 
Bergmann, afforded him ninety-three parts filex, fix alumine, 
and one lime. 

The ordinary form of rock cryftal is that of an hexahedral 
prifm, terminated by pyramids of an equal number of fides. 
The varieties of the feveral cryftals may be reduced to this geo- 
metrical form. — Confult Rome de Lille. 

Quartz cryftallizes likewife in cubes. This form exifts in va- 
rious fpecimens in the cabinets of Germany ; and Mr. Macquart 
brought a fpecimen with him to France. 

The formation of this cryftal appears to be owing to water, 
for we often find this fluid in the internal part of cryftals •, and 
they are evidently formed in the clefts and cavities of the primi- 
tive rocks, by the concurrence of this agent. But hitherto we 
have acquired very little knowledge reflecting the circum (lances 
of this operation. 

Bergmann obtained rock dyftals by diflblving filex in the flu- 
orick acid, and fuffering it to evaporate flowly. I left on the 
tables of my cabinet of mineralogy a receiver and a retort, in 
which I had made the acid of fluor ; and when I had occafion, 
two years afterwards, to infpeft this apparatus, I found the re- 
ceiver almoft entirely corroded, and its interiour furface lined 
with a fubtle powder, in which thoufands of rock cryftals might 
be difcerned. 

Mr. Achard informed the publick that he had obtained rock 
cryftals by caufing water impregnated with carbonick acid to 
filtrate through clay. Mr. Magellan even prefented thefe cryf- 
tals to the Academy at Paris ; but the experiment though re- 
peated with the greateft care by feveral chemifts of the capital, 
was not attended with the fame refults. 

Since that epocha, Mr. De Morveau, having inclofed rock 
cryftals with a bar of iron in a bottle fillej with gafeous water, 
perceived a vitreous point fixed to the iron, which he fuppofed 
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to be a rock cryflal formed by this operation •, fo that he cort- 
fiders iron as a neceffary intermedium to enable the carbonick 
acid to diffolve quartz. This confluence of Mr. De Morveau 
appears to agree with many facts which have been collected 
concerning the formation of rock cryftal. We fee it formed in 
ochreous earths ; and I pofTefs ochres in my collection which 
poffefs many of thefe fmall two-pointed cryftals. 

It appears to me that it is not neceffary to feek for a folvent 
for filex, in order to explain the formation of rock cryflal. The 
fimple divifion of this earth appears to me to be fufficient for 
the purpofe : and I could bring numerous facts to fupport this 
affertion. — See the article Cryftallization. 

It is proved by the obfervations and experiments of Mr. Genf- 
fane, that a quartzofe gurh is formed by fimple tranfudation 
upon rocks of this nature ; and the fame n5turalift has taken 
p.otice that, when the gurh is worn and depofited by water, 
rock-cryftals are formed. The waters which work their way- 
through the quartzofe rocks of the mine of Chamillat, near 
Planche les Mines in Franche-compte, form quartzofe ftalac- 
tites to the roof of the works, and even upon wood. The ex- 
tremities of thefe ftalactites which have not yet affumed a folid 
confidence, are of a granulated and cryftalline fubftance eafily 
crufhed between the fingers. 

In thefe cavities, called craques by the miners, a fluid gurh is 
often found, and ft ill oftener cryftals ready formed. I have (sen 
at Saint Sauveur, in the work of La BoifTiere, near Bramebiaou, 
feveral incruftations of gurh on the fides of the gallery ; and 
thefe fpreading incruftations were terminated by well-formed 
cryftals, wherever the wall overhung or deviated from the per- 
pendicular. This gurh, when handled, and minutely examin- 
ed, had no other appearance than that of a filiceous parte of 
confiderable purity. 

The fame effects appear to take place with regard to rock 
cryftals, as with the calcareous fpars. They are formed whenever 
their principles, in a ftate of extreme divifion and attenuation, 
are fufpended by water, and depofited with all the circumftan- 
ces which nature requires in order that cryftallization may take 
place. I do not even think it neceffary to recur to the property 
which water pofTefTes of fenfibly diflblving filex, to explain the 
formation of thefe cryftals : and we fhall refer the formation of 
quartzofe ftaladtites, agates, &c. to the fame caufe. 

Rock cryftal is frequently coloured by iron, in which cafe it 
afTumes peculiar (hades which have been denoted under differ- 
ent names. We fhall place them here as fimple varieties. 



JEarthy Mixtures. Cryfals. 233 



VARIETY I. 

Red Cryftal— False Ruby. 

; It is frequently mixed with different (hades. Its colour is 
tfeftroyed by fire, according to Mr. D'Arcet. It is found in 
Barbary, in Silefia, in Bohemia, &c. 

ten it is of a dull red, it is called the Hyacinth of Com- 
poftelia. 

VARIETY II. 

Yellow Cryftal— Bohemian Topaz. 

It has fometimes a tinge inclining to yellow ; its colour is 
bften internal only. It is found in Velay, near Briftol in Eng- 
land, &c. 



VARIETY III. 
Brown Cryftal— Smoky Topaz. 

This brown tinge varies from a light brown to a deep black. 
It is affirmed that they may be rendered clear by boiling them 
in tallow. — See Journal de Phyfique, t. vii. p. 360. 

It is found in Switzerland, in Bohemia, in Dauphiny, &c. 

VARIETY IV. 

Green Cryftal False Emerald. 

This is the mod fcarce and the mod precious of coloured 
cryftals. It found in Saxony and Dauphiny. 

VARIETY v. 

Blue Cryftal— Water Sapphire, 

It does not appear to differ from the true fapphire, excepting 
in being lefs hard. I have feen a fpecimen which had this col- 
our. It is found in Bohemia, in Silefia, and at Puy in Velay, 
which has caufed it to be called the Sapphire of Puy. 
2...F 
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VARIETY vr. 



Violet Cryftal — the Amethyst. 



fts colour'is more or lefs deep ; and it affumes a confiderable' 
brilliancy by polifliing. When the cryftal is only half colour- 
ed, it is called Prime cle Amethijle. It loofes its colour by a ftrong 
fire, according to Mr. D'Arcet. This cryftal is found of fuffr- 
cient magnitude to form columns of more than one foot in 
height, and feveral inches in diameter. 



DIVISION Hi 

Quartr. 

Thofe fpecimens of filiceous ftone in which no regular form 
appears, and which we here comprehend under the name of 
Quartz, poffefs various degrees of tranfparency. 

Its colour differs prodigioufly ; and it may be diftinguifhed 
into varieties and" fhades perhaps more numerous than in rock 
cryftal itfelf. 

It feldom forms entire mountains,- but almoft always inter- 
fecls, by veins more or lefs wide, the mountains of primitive 
fchiftus. At all events, I have made this obfervation in every 
mountain of this kind which I have examined. 

The blocks of quartz, detached by waters, are rolled, rounded, 
and depofited in the form of large ffcohes on the banks of rivers. 
The fame ftones, more attenuated, form the quartzofe pebbles •, 
and thefe, (till morer divided, produce fand. 

This (tone is very refractory. It is ufed as the banV of 
bricks employed in the conftvu£tion of glafs furnaces. For this 
purpofe it is calcined to whitenefs, and in that ftate thrown in- 
to water. By this means it may be eafily reduced to powder, 
and difpofed to form a combination with clay. 

Quartz, well pounded, and ufed in the compofition of bricks, 
does not equally refift the imprefilon cf fire, if the precaution of 
calcining it, and extinguifhing it in water has not been taken. 
I have obtained a proof of this fa ft, by employing the fame 
kind of quartz in both ways. 

This fand forms an excellent mortar with good lime ; and,, 
when fufedwith alkalis, it produces a very beautiful glafs. 
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SPECIES l\\. 

Silex, Alumine, Lime, and Iron, intimately mixed. 

The ftate of finenefs in the conftituent principles, and their 
,more or lefs intimate mixture or amalgamation, appear to us to 
'eftablifh two .divifions among the ftones of this fpecies. We fhall 
accordingly diftinguifh them into coarfer flints and finer flints. 
The firft form gun flints, petrofilex, &c. i the i'econd compre- 
hend agates, calcedonies, &c. 

DIVXSION 1 . 

The Coarfer Flints. 

In this .place we (hall arrange two ftones which appear to dif- 
fer only by a more or lefs evident degree of tranfparency. The 
(ilex, or flint properly fo called, is femi-tranfparent, when very 
thin, as for example at its edges : the petrofilex has a more 
opaque colour. 

1. Gun Flint. — The gun flint gives fire with fteel : its col- 
our is ufually brown ; and its furface very frequently exhibits 
a whiter colour than the. middle, and lefs hard than the nucleus 
of the ft one. This external part flicks to the tongue, and indi- 
cates a commencement of decompofition. 

The abbe Bacheley has afTerted that marine productions, fuch 
as polipiers, fhells, &c. are capable of patting to the ftate of gun 
flint.-— Journal de Phyfique, Supplement, 1782, t. xxv. 

The fpecifick gravity of gun flint is from 2.65 to 2.7. This 
ftone does not melt in the fire ; but it becomes white and brittle 
by repeated calcinations. 

The common brown filex afforded by analyfis to Mr. Wieg- 
leb, per quintal, eighty filex, eighteen alumine, and two iron. 

2. Petrofilex. — The colour of petrofilex is a deep blue, or a 
yellowifh grey. It is interfperfed in veins through rocks ; and 
from this circumftance it derives its name. 

Its fpecifick gravity is from 2.59 to 2.7. 

It becomes white in the fire like gun flint j but it is more fu- 
fible, for it flows without addition. Soda does not totally dif- 
folve it in the dry way ; but the borate of foda, and the phof- 
phates of urine, diflblve it without effervefcence. 

Mr. Kirwan obtained from a petrofilex, ufed in the manufac- 
ture of porcelain by Mr. Lauraguais, feventy-two parts filex, 
iweutY-two alumine, and fix lime, in the quintal. 
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division 11. 
The Finer Flints. 



This divifion exhibits feveral (tones, which, though diflm- 
guifhed by names and a different value, are neverthelefs only- 
varieties of each other. We (hall content ourfelves with enu- 
merating the chief. 

1. Agate.— This is a femi-tranfparent filex of a very fine 
body. Its texture is vitreous ; and its hardnefs fuch that it 
refifts the file, gives fire with the fleel, and takes the mod beau- 
tiful polifh. 

The agate when expofed to the fire, lofes its colour, becomes 
opaque, and does not melt. 

The varieties of agates are infinite. They are founded on the 
colour j and they are diftinguifhed into clouded, punctuated, 
ipotted, irifed, herborized, molly, &c. See Daubenton.— The 
name of Onyx is given* to that kind of agate which is formed by 
concentrick bands. Mr. Daubenton has proved that the agate 
which has received the name of mdffy, is really coloured by 

fmall mofly vegetation. 

The pureft agate is white, tranfparent, and nebulous. Such 

is the oriental agate, which befides appears as if it had protu- 
berances or knobs on its furfaces. 

Its fpecifick gravity is 2.64. I confide? the agates, and the 
other flints concerning which we fhall proceed to treat, as quart- 
zofe ftala&ites. The fides of geodes which are agatized, and the 
ftrata of thofe flints which are found in places where infiltra- 
tion? produce rock cryftals, appear to me conclufive in favour 
of this doctrine. The agates have the fame relation to quartz 
as the alabafters to calcareous ftones, and the theory of their 
formation is the fame. Mr. Dorthes has exhibited many proofs 
of this theory refpecting the formation of thefe ftones. 

2. The Opal. — The femi-tranfparent agate of a milky white- 
nefs, which exhibits a glittering, changeable, internal colour of 
a blue, red, and green tinge, is known by the name of Opal. 
That which comes from Hungary has a kind of greyifh clay for 
its gangue. The moft beautiful opal is the oriental opal ; fome- 
times called the fpangled opal, becaufe its colours appear like 
equal fpots diftributed over its whole furface. Thefe opals have 
received various names, according to the colours they reflect. 

The chatoyant ftones, or fuch as vary their colour according 
to the pofition of the light, and the eye of the obferver, arc vari- 
eties of the opal. Such are the girafol, the cat's eye, the fiflvs 
eye. 
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The reflected rays of the girafol are weak, biuifh, and mixed 
wirh an orange yellow. This {tone has been found in the lead 
mines of Chatelaudren in Britanny. The moft obvious char- 
acter of the girafol is, that it exhibits in its internal part a lumi- 
nous point ; and reflects the rays of the light in whatever pofi- 
tion it may be turned, when it is cut into a globe or hcmif- 
fphere. The cat's eye has a point near the middle, from which 
proceed, in a circle, greenifh trapes of a very lively colour. 
The moft beautiful ftones of this kind are of a grey and mort- 
dore colour. They come from Egypt and Arabia. 

The fifh's eye does not differ from the cat's eye excepting in 
its colour, which is biuifh : it is found at Java. 

3. Calcedony. — The calcedony is a femi-tranfparent agate 
of a milky whitenefs, differing from the foregoing in not pof- 
feffing the chatoyant property, or qhangeablenefs of colour. 

It has been found in the mines of Cornwall, in ftalactites of 
lingular elegance. Thefe talced onies are almoft always covered 
with protuberances like the ftalagmites. 

The protuberances appear to be formed by the fucceffive ap- 
pofition of feveral ftrata or coatings. 

In Monte Berico, in the territory of Vicenza, geodes of cal- 
cedony are found which inclofe water. They are called En- 
Kydria. 

I poffefsin the Mineralogical Cabinet of the povince, calcedo- 
nies of Auvergne, which appear to be chryfkiliized like rock- 
cryftal. The cryftals have all the fat and unctuous appear- 
ance of the fame balls which are difperfed on the rock ; but 
when they are broke, it is feen that the appearance arofe from 
covering of calcedony over the cryftal of quartz. 

Mr. Bindheim analyfed calcedony, and found, in the centen- 
ary, 83.3 filex, 14 lime, 1.6 alumrne, and a fmall quantity of 
iron. — Schrift. Natur. For. Free. t. iii. p. 429. 

Mr. Darcet did not fucceed in fufing calcedony, but it loft 
its colour. 

Calcedony has often a fhade of blue, yellow, or red. 

Mr. De Carozv and Mr. Macquart obferved in Poland the 
transformation of gypfum to the ftate of calcedony.: — See 
tfie ElTai de Mineralogie par M. Macquart premier memoire. 

Cacholong. The white and opaque calcedony is known by 
the name of Cacholong. Its texture refembles that of quartz, 
and it becomes white in the fire. This (tone is capable of a 
fine polifli. It is found on the banks of a river named Cach, 
near the Kalmouks of Buchavia, in whofe language the wordt 
cholon? fienifies (tone. 
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An imaginary value has been given to a modification of the 
cacholong, which has the property of becoming tranfparent 
<cfter having been plunged in water. This is called llydro- 
phanes, Lapis Mutab'ilis, Oculus Mundi. Mr. Dantz brought 
hydrophanes to Paris, which became tranfparent when plunged 
in water. 

Mr. Gerhard, on the 2$th of Auguft, 1777, read to the Acad- 
emy of Berlin, Gbfervations on the Hydrophanes. He found 
that this ftone contained two thirds of clay, and one third of fi- 
lex. This celebrated naturalift affirms that the hydrophanes wa$ 
known to Boyle, who faw one of them, about the fize of a pea*, 
fold in London for two hundred pounds fterling. 

The hydrophanes is fufible in the fire. Soda diffolves it with 
«ffervefcence ; the borate of foda, and the phofphates of urine, 
■without effervefcence. 

5. Carnelian. Sardonyx. The carnelian is a fpecies of agate, 
nearly tranfparent. It is called Carneole when it has the col- 
our of flefh. Its hardnefs varies prodigioufly Thofe which are 
white or yellowifh are not fufficiently hard to give fire with the 
ileel. When ignited it lofes its colour, and becomes opacme. 
The mod beautiful fpecimens refemble the garnet. Its fpecifick 
gravity is from 2.6 to 2.7. 

The fardonyx is a femi-tranfparent filex, of an orange colour, 
inore or lefs deep. It is knobbed like the calcedony ; and pof- 
feffes the hardnefs and fpecifick gravity of that ftone. Its habi- 
tude in the fire refembles that of the agate. In the Royal 
Wardrobe of France there are veffels of fardonyx, of an afton- 
ifhing magnitude and beauty. The famous muirhine vafes were; 
of Sardonyx. Sage, t. ii. p. 163. 

SPECIES IV. 

Silex, Alumine, and Iron. 

Jafper is one of the hardeft ftones we are acquainted with,. 
It is fufceptible of the fineft polifh ; and its colour varies pro- 
digioufly, which has occafioned it to receive the names of San- 
guine Jafper, Green Jafper, Flowered Jafper, &c 

Mr. Wedgwood afiured Mr. Kirwan that Jafper hardens in the 
fire without melting ; and Mr. Lavoiner could not obtain a per- 
fect fufion by the afiiftance of oxigenous gas. The furface enly 
becomes vitreous. 

Mr. Gerhard afferts that fome fpecies are fufible ; and Mr. 
Kirwan attributes this property to the mixture of lime and irou 
which produces the fuficn. 
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Its exceffive hardnefs has induced the favages of Canada to a- 
vail themfelves of it in the fabrication of the heads of javelins. 

Mr. Dorthes has found among the worn (tones of the Medi- 
terranean fhore, javelin-heads of porphyry, jafper, horn ftone^ 
fchorl, variolite, &c. probably fabricated by the ancient inhabi- 
tants, the Gauls. 

Thefe javelin-heads are commonly known by the name of 
Thunder-ftones, and are diftinguifhed by lithologifts by the 
name of Ceraunites. 

sfucies t. 
Silex, Alumine, Lime with a fmall portion of Magnefia, and Iron. 

This fpecies comprehends all the fchorls ; and mod of the 
'volcanick products. As the tourmaline is evidently nothing 
more than a variety of the fchorl, we fhall place it here, though 
analyfis has not difcovered an atom of magnefia in it, and the 
nature cf its principles confounds it with precious Itones. 
Moreover by placing it between thefe and the lchorls, it poflef*- 
fes a fituation alfigned to it,- as well by its- natural characters as 
by its conftituent principles. 

I. The Tourmaline. Tht3 Rone poffefies the tranfaparency 
of the fchorl. Its appearance and fracture are vitreous, its tex- 
ture lamellated, its hardnefs fo confiderable as to cut glsffifc 
When heated to the two hundredth degree c. Fahrenheit, it be- 
comes electrical : a ftronger fire deprives it of this' property. 
It is fufible by the blow-pipe, with ebullition : the pure tourma- 
line was melted into a black glais, in the experiments of Mr. 
Lavoifier. 

Tourmalines have been found in the ifland of Ceylon, in 
Tyrol, and in Spain. 

Its form is that of a nine-fided prifm, terminated by two flat 
trihedral pyramids. Mr. De Joubert poffeffes one whofe prifm is 
feven inches and a half long, and eleven inches in circumference. 

The prifmatick tourmaline has no electrick effect but accord- 
ing to the direction of its column : the fphere of activity of the 
Spanifh tourmaline is moreextenfive than that cf Tyrol. 

The valuable refearches of Bergmann upon this (tone rmy 
be confuhed in his difTertation concerning its analyfis. Mr. 
Tofani has annexed a let of interefting notes to his tranflation of 
this work. 

The refults of Bergmann's analyfis exhibits its component 
parts in the following proportion : 

I. The tourmaline of Tyrol contains alumine fortv-two, fi- 
forty, lime twelve, iron Gx. 
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2. The tourmaline of Ceylon, alumine thirty-nine, filex th'ir- 
ty-feven, lime fifteen, iron nine. 

3. The tourmaline of Brazil, alumine fifty, filex thirty-four, 
lime eleven, iron five. 

The fpecifick gravity of the tourmaline of Ceylon is 30.541, 
that of Spain and of Tyrol is 30.863, water being 10.000 — 
See Briflbn. 

II. Schorl. The diftina properties of fchorl are, an appear- 
ance of femi-vitrification, fufibility in a moderate fire, and 
hardnefs approaching to that of cryllal. 

There are few (tones which exhibit a greater variety of form 
or colour. 

They enter into the compofition of porphyry, of ferpentine* 
of granite, and are very frequently foiuid with the rrfngnefian 
itones. 

We (hall diftinguifh the fchorls into cryftallized and irregular- 
ly ihaped fchorls. 

A. All the varieties which depend upon colour may be re- 
duced to four 

1. Black Schorl.— The black fchorl is found chiefly in gran- 
itcs. It has almoft always the form of prilms more or lefs per- 
feft. The number of fides of thefe prifms is varipos ; they 
are fometimes grooved ; they fometimes terminate in trihedral 
re pyramids, placed in contrary direaions ; in fome places 
they are found feacral inches long, and the union of thefe 
t a : mtly forms groupes of feveral in diameter. Their 
I, m ore or lefs deep. When urged by fire, they 

h- rcfolved into a black uniform glafs of an imperfedfc 

flu dity like pafte. 

The analyfis of the black prifmatick fchons of Gevaudan af- 
forded me, per quintal, fifty-two filex, thirty-feven alumine, 
five lime, three magnefia, and three iron. 

2 Green Schorl— This variety exhibits the fame form, and 
the fame modifications ; but the mod common of its cryftalli- 
zations is that of a tetrahedral prifm, terminating in (hort 
pyramids likewife tetrahedral. 

3. Violet Schorl. This variety was difcovered in 1781 by 
Mr. Schreiber, below the grotto of Aunis ; fituated at the dis- 
tance of one league from Bourg D'oifan in Dauohiny. Mr. De 
la Peyroufe likewife found it at the Peak of Drethz, in the I y- 
renean Mountains. . 

This fchorl poflefles a certain degree of tranfparency. It is 
cryftnllizcd in rhomboids ; its texture is lameiiated ; two o. 
the rhomboidal planes of each pyramid have their faces ftnated 
parallel to each other. 
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Schorl lofes its colour in the fire, and one thirteenth of its 

weight ; it becomes of a greyifh white ; and with a ftronger 

degree of heat it fwells up, fubfldes, and forms a black enamel. 

Its fpecifick gravity is 32.956 according to Briflbn. 

4. White Scorhl. — -This variety has been found in the moun- 

ins of Corfica, Dauphiny, and the Pyrenees. It is of an opaque 

frhite colour, and vitreous appearance ; and is found in cryftais 

on the furface of certain ftones of the nature of the lapis'olla- 

ris. I have fcen a layer of this fchorl between amianthus and 

the lapis ollaris. It melts in the fire into a white ename'. 

The analyfis of this fchorl from the Pyrenean Mountains af- 
forded me, per quintal, fifty-five parts files, twenty-two alumine, 
thirteen magnefia, and feven lime. 

: B. The fchorl in connected mdfFes nearly approaches the 
jafper in its external characters. It may be diftinguifhed how- 
ever by its fracture, which is of a drier grain, and exhibits a 
difpofition to cryfb.llization. This ftone ferves as the bafis to 
feveral porphyries. The variolite of X)urance, a ftone fingu- 
lar on account of the fuperftitions to which it has given rife, is 
a fchorl in the mafs, covered with grains of the fame nature as 
the ground, but of a clearer green. 

Mr. Dorthes has obferved variolites on the coafl of our Me-* 
diierranean fea ; and affirms that this ftone in its decompofition 
undergoes changes of colour which fucceed each other in the 
order of the folar fpe&rum. 

III. Volcanic*; products.— The principal produfts of volca- 
noes are bafaltes, lava, and terra pozzolana. Thefe fubftances 
are abfolutely of the fame nature ; but they are principally dif- 
tinguifhed by the name of Bafaltes when their form is regular. 
When they have no determinate figure, thev are denominated 
Lavas ; and when confiderabiy attenuated they are diftinguifh- 
ed by the name of Terra Pozzolana. 

Bafaltes is diftinguifhed into the prifmatick bafaltes with a 
number of fides from three to feven ; the bafaltes in tables and 
tne fpherical bafaltes. 

Lava is diftinguifhed into compact lava, porous lava, twifted 
lava, lava in tears, &c. 

Several nattfralifts have clafTed the bafaltes with the fchorls, 
and fome of them have aifigned the fame origin to both. It 
appears neverthelefs to be generally agreed that bafaltes is a 
product of fire. 

It fometimes differs from fchorls in its chemical analyfis, and 
alio in the ciroumftance of its not always affording magnefian 

2...G 
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The colour of bafaltes is of a deep green, almofl conftantly 
covered or enveloped with a ferruginous cruft lefs black tharv 
the internal part. The iron is in die ftate of ochre. 

Its form is conftantly prifmatick, which is the natural effect 
of the contraction which it fufFers in cooling. 

Bafaltes is converted by fire into a mod beautiful black glafs. 
This property, which is admitted by every chemilt, induced me 
to fufe it, and blow it into bottles. 

The attempt was perfectly fuccefsful at the glafs-houfe of 
Mr. Gilley of Allais, and at that of Mr. Gira! of Erepian. I 
fHil preferve the firft vefTels which were blown of this fubftance : 
they are the mofl beautiful black, aftonifhingly light, but without 
tranfparency. Encouraged by this firft fuccefs, I requefted Mr. 
Cafteiveil, the proprietor of another glafs-houfe, to undertake 
fome experiments ; and in confequence of various trials we fuc- 
ceeded in fabricating bottles of an olive green, in which the 
meft extreme lightnefs, and a truly aftonifhing degree of folid- 
ity, were united. Pounded bafaltes, foda, and fand, in nearly equal 
proportions, formed their compofition. The properties of thefe 
bottles, as proved by my own experiments, as well as by thofe 
which Mr. Joly De Fleury, at that time comptroller-general, or- 
dered to be made, render them of the greateft value in com- 
merce ; and Mr. Cafteiveil was unable to fupply the numerous, 
orders he received. This manufacture fupported itfelf with 
fuccefs for two years ; but at the end of that time the fuperi- 
ority of the bottles ceafed to be the fame ; the manufacturer 
received the reproaches of the confumer •, this fuperb eftablifh- 
merit gradually fell off, and was at length abandoned. 

Since that period I have made feveral experiments in the large 
way, from which I have obtained refults that may be of fervice 
to fuch as are defirous of following this manufacture. 

i. The nature of the combuftible uied in glafs-houfes has a 
prodigious effect in modifying the refults of experiments. The 
fame bafaltes which Mr. Cafteiveil confidered as too refractory- 
in his furnace heated by wood, was found of too fufible a nature 
by Mr. Gital, who was in the habit of ufing pit-coal in his glafs 
works. The former manufacturer accordingly made his glafs' 
by adding foda to the lava, whilft the latter mixed it with a 
very refractory fand. 

2. The fame lava, fufed without addition, may be blown in 
one glafs-houfe and not in another. This irregularity appeared 
to me at firft to depend effentially on the fkill of the workmen ; 
but I have been fince convinced that it is totally independent of. 
that circumftance. 

In a furnace which is flrongly heated, the fufed lava fome- 
times becomes fluid like water, and drops from the iron, tub's 
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ns foon as It is coliecTed. The fame lava, when fufed in other 
urnaces, will preferve a fufficient degree of confifiency to admit 
of being blown. I am myfelf well afl'ured that the lava might be 
be wrought in any glafs-houfe whatever provided the moment 
was feized in which the pafte was neither too fluid nor too 
thick to be wrought ; but thefe attentions are too delicate, and 
too minute, to be obferved in works in the large way. 

3. The hardeft bafaltes affords the mo ft beautiful glafs 
•"When it is contaminated with foreign principles, fuch as the 
nodules of lime, the glafs is brittle, and has not a fufficient con- 
nection of its parts. This circumftance, in my opinion, was the 
x;aufe of the bad quality of the glafs, which produced the failure 
in Mr. Caftelveil's manufactory. 

4. I have feen very hard bafaltes interfperfed with black in- 
fufiblc points, infomuch that thefe points became enveloped in 
the vitreous pafte without any perceptible alteration. The vol- 
oanick mountain of Efcandorgue near Lodeve afforded me this 
variety of bafaltes. 

In the article Verrerie of the Encyclopedic Mefhodique, may- 
be feen the various refults which we have obtained with Mr. 
Allut, in feveral experiments made in common in the royal glafs 
works of Bofquet and elfewhere. 

I fhall conclude, from the obfervation which my experiments 
•have hitherto afforded — 

1. That lava may be ufed as a 'flux in glafs-houfes to diminifh 
the confumption of foda. This is the fingle purpofe I at that 
time propofed to myfelf, and I have clearly accomplifhed it. 
1. By the refults of experiments which have ihewn that refrac- 
tory land becomes fufed in the glafs furnace by a mixture of 
lava. z. By the effects obtained in all the works in the large 
way, in which the addition of lava permitted a diminution in 
the proportion of foda. 

■2. It is very difficult to eflablifh a rigorous procefs, applicable 
to all circumftances, by which lava may be wrought without ad- 
dition. My bottles into which the lava entered as a component 
part, were fcarcely known, before it was publifhed that thev 
were formed of te.va without addition ; nothing more being faid 
to be required than to fufe the lava in order to form bottles. 
This ftrange report affected me very little in the principle ; be- 
caufe I had neither fpoken, written nor printed any thing which 
was capable of giving authority to fuch an errour ; and I was 
content to reply to all perfons who demanded information, by 
informing them that experience had taught me that an addition 
of lava diminished the proportion of foda in the cpmpofnion of 
glafs, and that this new principle rendered the bottles lighter and 

'^er. 
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3. That the only advantage which can be derived from I 
lava without addition, is to pour it into moulds, to form paving 
itones, chimney jams, Sec. The facility with which it is fufe4 
by the aiTiftance of pit-coal, would render thefe works of fmalj. 
expenfe ; and it might eafily be decorated by incrufting it with 
metallick colours. 

4. That the difference in the nature of volcanick products 
produces fuch a variety in the refults of their fufion, that I con- 
fider it as impoffible to affigu a conftant and invariable proceft, 
by which the fame refult may infallibly be obtained. This, cir- 
cumftance renders it neceffary to make preliminary trials in all 
cafes wherein it is intended to ufe bafaltes in the fabrication of 
bottles. 

The bafaltes has been confidered as fimilar to a (lone known 
by the name of Trapp ; it refembles it in feveral effential prop- 
erties ; the colour, form, weight, and the nature of the compo- 
nent parts of each, appear to authorize us in confounding them 
together, as Bergmann has proved by the fine comparifon he has 
made of thefe two (tones, in his anaiyfis of the volcanick pro- 
duces of Iceland. But this fame chemift has (hewn that they 
differ in feveral other poinds of view. 

The trapp exhibits no character which can give ground to fuf« 
pe£l that its origin is volcanick ; it is found in Sweden, in the 
primitive mountains, and upon ftrata of granite and fchiftus, 
and fometimes even upon banks of calcareous (tone. 

The trapp of the mountains of Weftrogothland is ufual'y in 
the form of fquare irregular cubes ; and it is indebted for its 
denomination to this refemblance to the (reps of a (lair cafe. It 
likewife exhibits the form of a triangular prifm, though fcldom ; 
and fometimes it refembles immenfe columns. 

The trapp afforded Bergmann the fame principles, and nearly 
in the fame proportion, as the bafaltes. The difference is fcarce- 
ly the hundredth part ; and this variation is frequently found in 
pieces of the fame bafaltes. 

SPECIES VI. 

Silejf, Lime, Magnefia, Iron, Copper, and the Fluorick Acid. 

This combination forms the chryfoprafe. Its colour is a femi- 
tranfparent apple green, and it is harder than the fufiblc fpars 
and quartz of the fame colour. 

The fire deprives it of its green colour, renders it white and 
opaque, and forms by the affiftance of vital air a compact and 
milky globule. — bee Erhmaun. 
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Mr. Achard obtained, in the quintal of this (lone, 95 parts 
hlex, 1.7 lime, 1.2 magneiia, 0.6 copper, 

SPECIES VII. 

Silex, the blue Fluate of Lime, with the Sulphate of Lime and Iron. 

This fingular combination forms the Lapis Lazuli, or Azure 
Stone. 

Its colour is of a beautiful opaque blue, which it preferves in 
a ftrong heat, and does not fuffer any alteration in this reiped by 
the contact of air. 

The powder of this ftone makes a flight efFervefeence with 
acids : but after calcination it forms a jelly with acids, without 
exhibiting any previous eftervefcence. 

The powder of this (lone forms the valuable colour known by 
the name of Ultramarine. The price of this colour is propor- 
tioned to its intenfity ; and its value is accordingly lealt when 
it is mixed with pyrites, becaufe thefe bodies diminifh the viva- 
city of its colour. 

This ftone affords water by calcination, and when diftilled 
with the muriate of ammeniack, it forms martial flowers : which 
proves, according to Mr. Sage, that its colour is owing to iron. 

The azure ftone is fufed by a ftrong heat into a whitifh glafs ; 
and by the afhftance of oxigene it forms a white tranfparent 
globule inclining to green, without internal bubbles, and not 
obedient to the magnet. 

The f pecifick gravity of the lapis lazuli of Siberia is 29.454. 
See Brifion. 

Plates of the lapis lazuli may be feen upon almoit all richly- 
decorated altars ; it is likewife made into toys. 

Margraff obtained from this ftone calcareous earth, gypfum, 
iron, and filex. Mr. Rinmann has difcovered that it contains 
the fiuorick acid. 

SPECIES VIII. 
Silex, Alumine, Barytes, and Magnefia, 

This ftone is known by the names of Feld Spar, Rhomboidal 
Quartz, Spathum fcintillans, Petuntze. 

It very frequently forms one of the principles of granite, and 
the cryftals, which are found feparate, arife from the decompo- 
sition of this primitive rock. 

The texture of feld fpar is clofe, Iamellated, and it is Iefs hard 
than quartz. 
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It fufes without addition into a whitifh glafs. I have net 
-thelefs obferved a very great variety in thp feld fpars, with re- 
gard to their habitude in the fire. That of Avenue, which is in 
the form of whitifh cryftals mixed with quartz, afforded me a 
tranfparent glafs of extreme hardnefs by the fimple addition of 
one third of lime : whereas that of Efperon, treated in the fame 
manner, did not exhibit the fmalleft fign of fufion. 

The fpecifick gravity of white feld lpar is 25,946. — See Brif- 
fon. 

Feld fpar exhibits feveral varieties in its form and colour. 

Moft of the pieces of feld fpar inclofed in granite have a 
rhomboidal form ; and when this primitive rock becomes decom- 
pofed, the cryftals of feld fpar are detached, and remain con- 
founded with the rubbifh. The granites of our province, almoft 
all of them, contain thefe cryftals, fome of which are an inch 
and an half in diameter. 

Feld fpar has been found cryftallized in tetrahedral prifms, 
terminating in pyramids with four fides. 

I poffefs fome fpecimens of feld fpar of Auvergne, whofe tet- 
rahedral prifms are flattened and terminated by a dihedral fum- 
mit. 

The principal fhades of colour in feld fpar are white, rofe? 
colour, and chatoyant, or of changeable colours, 

The white tranfparent feld fpar is very rare •, there is a piece 
in the Royal Cabinet of the Mineral School, which comes from 
Mount St. Gothar. 

One hundred parts of white feld fpar contain about fixfy-feven 
filex, fourteen alumine, eleven barytes, and eight magnefia. 

The rofe-coloured feld fpar is not very fcarce. Our moun- 
tains exhibit much of it. It abounds with iron, which is in the 
itate of ochre. Some experiments have fhewn me that this va- 
riety is more fufible than the others. My analyfes have even 
exhibited a larger portion of magnefia; and its confidence ap- 
pears to mc to be lefs firm than that of other fpecimens. 

Feld fpar is compofed of rhomboidal laminae, which givejt 
the property of exhibiting various colours, in a greater or lefs 
degree. Large pieces of feld fpar hive been found on the north- 
ern coaft of Labrador, worn down by the waters into a round 
form, of a bluifh grey colour, and exhibiting the moft agreeable 
change of colours, according to the variation of pofition. The 
colours are a beautiful ecleftial blue, fhaded with green. This 
Hone is known by the name of Labrador Stone. Granites are 
frequently found, in which the feld fpar exhibits its changeable 
colours withut being wrought. 
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CLASS III. 

Soncerfiing the Mixtures of Stones among each other. Stony Mixtures, 

Rocks. 

The mixture of the primitive earths with each other form the 
(tones we have hitherto treated of •, and thefe (tones, united and 
connected together, or as it were joined by a cement, conftitute 
the numerous clafs of pebbles or (tones, concerning which we 
{hall proceed to treat. It is evidently feen that the mixture of 
various (tones has been produced, either by revolutions which 
have reverfed and confounded the whole furface of countries, or 
6y the action of waters, which have fucceflively formed the 
ftrata of rounded flints fpread over the furface of the globe, and 
have afterwards depofited in their interftices that earthy matter 
which has connected them together. Thefe mixtures have af- 
terwards acquired a degree of hardnefs ; and at length appear- 
ed to form one fingle fubftance. 

We (hall eftabliih our genera upon the prefence of fuch (tones 
as predominate •, and the fpecies will be deduced from the vari- 
ety of (tones mixed with that which determines the genus. 

genus 1. 

Rocks formed by the mixture of Calcareous Stones with other Species. 

Though the bafis of calcareous (tones enters into the compo- 
Ction of the greater part of lithologick fubltances, we find few 
rocks which can be ranged in this clafs. 

species 1. 

Carbonate of Lime, and Sulphate of Barytes. 

Mr. Kirwan obferved compound (tones in Derbyfhire, form- 
ed of chalk intermixed with nodules of ponderous (par. 

SPECIES II. 

Carbonate of Lime and Mica. 

The green marble of Cipolin of Autun is of this kind. It is 
compoied of eighty-three parts carbonate of lime, twelve green 
mica, and one iron. — Journal de Phyfique, t. xii. page 5c. Cal- 
careous (tones are found in Italy, which exhibit brilliant (peeks, 
of mica ; . and are known by the name of Mafigno. 
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srECiEs in. 

Mixtures of Calcareous and Magnefian Stones. 

Sulphate of lime, fluate of lime, and carbonate of lime are 
found mixed with (leatites, Terpentine, talc, amianthus, and af- 
beftos. Such is, for example, the white marble interfperfed 
■with fpots of tteatites, and defcribed by Gronftadt. 

SPECIES IV. 

Calcareous Stones, and Fragments of Quartz 

Quartz is fometimes found in calcareous cement. Swedeii . 
and Siberia exhibit feveral marbles which give fire with the fteel. 
*The calcareous grit, fo common in the fouthern part of our 
kingdom, is of this fpecies. The fand is compofed of fragments 
of quartzofe flints, rounded and connected by a calcareous glu- 
ten or cement. By digeftion of gritftone in an acid, the calca- 
reous cement becomes diflblved, and the proportion which the 
fand bears to the whole may then be eafily determined. 

This grit-done is feldom hard enough to be ufed in building, 
or in paving. 

At Nemours, and at Fontainbleau, this done has been found 
erydallized in perfect rhomboids : the cabinets of naturalids 
are enriched with fuperb famples of this kind. 

Lime-done has likewife been found ferving as a cement for 
feld fpar, fchorl, &c. ; but this is fomewhat rare. 

Mr. De SaufTure has defcribed a done whofe elements are 
quartz and fpar. 

Our fiiores afford pebbles of hard marble of a light grey col- 
our, interfperfed with feld fpar and quartz. — See Dorthes. 

genus It. 

Compound Stones formed by the Mixture of Barytick Stones with other 

Stones. 

As ponderous fpar is of confiderable fcarcity, and is almod al- 
ways found alone, this genus will not be numerous. 

SPECIES I. 

Ponderous Spar mi::cd with a fmall quantity of Calcareous Spar. 

The diocefes of Akis and of Uzes afforded me this fpecies $ 
and I have niyfclf obferved in the latter rhomboids of calcareous 
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fpar, fa well mixed with the laminae of ponderous fpar, that it is 
impofiible to feparate them without deftroying the ftone. It was 
among the veins of ponderous fpar which are found on the road 
from Portes to Alais, that I faw this mixture. 



SPECIES If. 

Ponderous Spar and Serpentine. 

. Mr Kirwan defcribes a fpecies of ferpentine with fpots of 
barytes. 

SPECIES III. 

Ponderous Spar and Fluor Spar. 

The ponderous fpar of Auvergne is mixed with fluor fpar : I 
have many fpecimens of this. 

SPECIES IV. 

Ponderous Spar and Indurated Clay. 

This is the Kros-ftein of the Germans. The clay which 
forms the ground is grey, and includes a ponderous fpar of a 
white colour, which is difpofed in this clay in the form of veins 
that might be taken at rirft fight for vermiculites, or in general 
for the remains of fome organized fubftances. This ftone is 
found at Bochnia in Poland. 

SPECIES v. 

Poderous Spar and Quartz. 

I have in my collection feveral fpecimens, in which the pon- 
derous fpar is difpofed in ft ars upon a matrix of the nature of 
filex. 

SPECIES VI. 

Ponderous Spar and Lava. 

The extinft volcanoes of the diocefe of Beziers have afforded 
me lavas, partly decompofed, whofefurface exhibits radii of pon- 
derous fpar, which, at firft fight, I took to be zeolite. 
2...H 
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GENUS III. 



Rocks or Stones formed by the Mixture of Magnefian Stones with 
other Kinds. 



SPECIES I. 

Magnefian Stones mixed together. 

The fame rock often exhibits the various known magnefian 
ftones in contact with each other. Thus we fee the afbeftos pla- 
ced befide the amianthus, the ferpentine in contact with the af- 
beftos, the fteatites in contact with talc. 

species ir. 

Magnefian Stones and Calcareous Stones. 

The ferpentine has been found fpotted with calcareous fpar,. 
and gypfum. 

spegies hi* 

Magnefian Stones and Aluminous Stones. 

Steatites is frequently mixed with clay. Its fibres are found 
bedded in an argillaceous fubftance. Steatites and ferpentine 
are fometimes mixed with fchiftus. 

SPECIES IV. 

Magnefian Stones and Siliceous Stones. 

Serpentine is found mixed with veins of quartz, feld fpar 
fchorl, &c. 

Afbeftos and amianthus are often confounded, and fometimes 
incorporated in quartz and rock-cryftal. 

Mr. De SaufTure has defcribed a compound ftone, of which 
the quartz is white, and the fteatites green. 

At Sterzing in Tyrol, is found a rock formed by fchorl and 
ferpentine. 

In the county of Mansfield in Saxony, a rock has been difcov- 
ered, compofed of jafper and afbeftos. 
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GENUS IV. 

Rocks or Stones formed by the Mixture ofAluminou3 Stones with 
other Species. 

SPECIES I. 
Schiftus and Mica 

This mixture forms feveral primitive mountains. The mica 
is fometimes in plates of a certain thicknefs, but moft common- 
ly in fmall fragments ; and the (lone aflumes a brilliant argen- 
tine appearance, which renders thefe ftones agreeable to the fighr. 
In this laftcafe, the -ftone is* nearly white, fonorous, and fplits in- 
to leaves ; whereas it is blackifh, and lefs Jiard, when the mica 
is difperfed through it in large grains. 

Thefe kinds of micaceous fchifti do not become fpontaneouf- 
ly decompofed. They differ effentially from the pyritous fchif- 
tus, whofe formation appears to be pofteriour to that of the pref- 
ent fpecies. 

This micaceous fchiflus is a primitive ftone. It does not in- 
clude minerals, or at leaft very rarely j and it is not fpontane- 
■pufly decompofed-' 

SPECIES XI. 

Schiftus and Garnet. 

The fchiftus frequently contains garnets, which rife in protu- 
berances in its texture, and feparate its ltrata from each other. 

The garnet is cryftallized, and one would be difpofed to af- 
firm that this ftone had increafed, and almoft vegetated in the 
other, which ferves as its covering. It is probable that the gar- 
net has .been enveloped by this pafte of fchiftus ; or that it was 
formed while the ftone was ftill almoft in the fluid ftate. 

I found this fchiftus filled with garnets in the bed of the river 
Bramabiou, in the diocefe of Alais. 

species m. 
Schiftus, Mica, and Quartz mixed in fmall fragments. 
The Germans call this compound ftone by the name of Gneifs. 
It deferves to be included among the quartzofe and filiceous 
ftones ; but as it nearly approaches the primitive fchifti we have 
juft treated of, we (hall follow the natural method in claffing it 
here. 

The texture cf this ftone varies greatly. It fometimes forms 
a rock in which neither ground nor fibres can be diftinguifhed : 
in other fpecimens it appears to be divided into filaments twift- 
£d in a thoufand manners, and it frequency exhibits a LarneUated 
Jiard texture. 
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It is found in large mafTes of a greyifh green colour, with its 
furface fhining, and poliihed like the flate ; and it appears to be 
merely a fine grained granite, the minutenefs of whofe parts has 
fuffered them to take the foliated form of the fchiftus. 

Mr. Weigleb has analyfed that of Friburg. 

SPECIES IV. 
Schiftus and Schorl. 

The mixture of thefe two ftones is common enough. The 
fchorl is fometimes difperfed in very minute filaments, which 
give a blackifh tinge to the mafs. Its form is often prifmatick ; 
in which cafe the fibres of the fchiftus, and the long cryftals of 
the fchorl, form the prifm by their reunion. 

A fchiftus has been found in the Pyrenean mountains, in 
which the fchorl is fpread from fpace to fpace in the form of 
oblong bodies, and equally difperfed over the whole mafs. 

species v. 
Clay and Quartz. 

This conftitutes the argillaceous grit-ftone, or the ftone in 
which fragments of quartz are united together by an argillaceous 
gluten. 

Several varieties of grit-ftone may be diftinguifhed. It is 
often found in irregular, coarfe, and compact mattes, which are 
made into mill-ftones, Or ufed for paving, &c. 

The magnitude of the fragments of quartz renders the fur- 
face more or lefs tugged ; and it is this which renders it proper 
for certain operations of trituration. 

When its grain is finer, it is made into grind-ftones. It is 
by virtue of their quartzous principles that grind-ftones emit 
fuch numerous fparks, when ftruck with the fteel, or when they 
are moved with rapidity againft any tool of that metal. 

Argillaceous grit-ftone is fometimes of a fcaly texture : the 
Cos Turcica of Wallerius, and the ftone ufed for fharpening 
fcythes, are of this kind. 

Fine grit-ftone, compofed of impalpable particles, is known 
by the name of Tripoli, from the part of Africa whence it firft 
came. It is now found in Rouergue, in Britanny, Germany, 
and elfewhere. 

The porous grit-ftone called Filtering-ftone, on account of its 
ufe, is of the fame nature. 

Quartz is fometimes mixed with mica. Our province contains 
it in various places. 



Earthy Mixtures. 'Sieves. ^3 

The mica is likewife found mixed, 

1. With feld fpar, according to Ferber and Kirwan. 

2. With fchorl, at Mont hykie in Dalecarlia in Sweden, and 
at Sterzing in Tyrol. 

3. With garnets, at Paternion in Carinthia, and at the Car- 
pathian mountains in Hungary. 

4. With garnet and fchorl, at Greyner. — See Muller. 

5. With quartz, feld fpar, and fchorl. This compofition 
forms one of the moft common granites. 

The mixture of thefe ftones, varied in the proportion of their 
principles or elements, forms the numerous variety of granites; 
and feveral colours likewife modify them exceedingly. 

GENUS V. 

Compound Stones formed by the Mixture and Re-union of Quartzofe 
Stones with each other. 



species 1. 

Quartz and Schorl. 

The quartz is, in general, white in this (tone, and the fchorl 
of various colours. Some of the paving ftones of London are 
of this fort, according to Kirwan. The fchorl is likewife found 
in cryltals within the quartz. ■ 

species 11. 
Quartz and Feld Spar. 

A (lone of this nature was brought me from the neighbour- 
hood of Avenes. The mountain from which the fpecimen 
was detached, contains about one third of quartz. The reft of 
the rock confiftsof rhomboidal feld fpar, of no great firmnefs 
of texture, and conftantly exhibiting the rhombus in its frafture. 

I poflefs a very fine fpecimen of a fimilar rock, which was 
lent me from Fahlun in Dalecarlia. 

SPECIES III. 

Girt-ftone and Garnet. 

I have received from the mines of Tallard, near GapinDau- 
phiny, girt-flones with garnets of one or two lines in diameter 
inter fperfed. Thefe garnets are difperfed through the whole 
jnafs, at the diftancc of three or four lines from each other. 
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SPECIES IV. 
Quartz, Feld Spar, and Schorl. 

This mixture is common, and forms great part of the granites 
on our globe. 

The proportion of the elements of this rock vary greatly, but 
the forms of the (tones which compofe it are not lefs variable. 
The fchorl is frequently crystallized in prifms j the feld fpar al- 
moft always exhibits rhomboidal lamina, on breaking the (tone ; 
the <juartz very feldom exhibits determinate figures, but it has 
neverthelefs been found in fuperb cryftals at Alencon and elfe- 
where. 

The colour of thefe (tones, lrkewife, exhibits an infinity of 
ihades. The fchorl is ufually black j but it is fometimes found 
green, and even white., as in forae granites brought from Spain. 
The feld fpar is commonly of an afhen grey ; but it has been 
obferved of a flefh-colour, of a milk white, of a dull red, &c. 
The molt common appearance of the quartz is, that of a fat 
and vitreous fubftance. It is fometimes black. 

species v. 

Fragments of Quartz united by a Siliceous Cement 

"We may here clafs the quartzofe plum-pudding (tones. The 
cement which unites thefe pebbles of quartz, which are com- 
monly rounded, is the pafte of petro-lilex. Some of thefe pud- 
ding-ftones are fo compact, and their fracture is fo uniform, 
that they are capable of the moft beautiful polifh, and produce 
a very happy effect: by the variety of colour of the feveral flints 
connected by the fame gluten. 

species VI. 
Jafper and Feld Spar. 

This rock is known by the name of Porphyry. The jafper 
-compofes the ground, and the feld fpar is interfperfed in fmall 
needles, or in flat parallelopipedons. 

The colour of porpjiyry varies prodigioufly. The feld fpar, 
which enters into its compofition, is either white, or yellowifh, 
■or red ; but the name of the porphory is always dependent on 
•the colour of the jafper. The jafper is fometimes green and 
fometimes black, and in fome inftances red j which eftablifhec a 
^great number of varieties. 
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As this (lone is fufceptible of the mod beautiful polifh, it has 
been employed as an ornament ; and out temples, as well as pri- 
vate houfes, are decorated with it. 

Mr. Ferber found in Tyrol porphyry in prifmaticlc columns, 
refembling that of bafaltes ; a circumftance which affords a fur- 
ther degree of probability to the opinion of fuch as have confid- 
ered porphyry to be a volcanick production. 

Porphyry is found in Egypt, in Italy, in Germany, in Swe- 
den, in France, &c. Mr. Dorthes has brought, from various 
mountains in Auvergne, fpecimens of porphyrick bafaltes in ta- 
bles and in mafles, containing cryftals of feld' fpar, well formed, 
and little altered. 

He obferved that the rocks of Chevenon, an ancient convent 
of Gramontin, at the diftance of one league from Artonne irt 
Auvergne, were very beautiful porphyry. Mr. Guettard found 
it likewife in the foreft of Efterelle in Provence. 

Mr. Dorthes has defcribed more than twenty varieties of por- 
phyry thrown up in pebbles by the Mediterranean upon our 
coafts, whither they are brought by the Rhone. In many of 
thefe are found tranfparent quartz with the prifmatick form 3 and 
cryftallized feld fpar. 

Porphyry fufes into a black globule, marked with white points. 

The fpecifick gravity of red porphyry is 27.651, and that of 
green 26.760. — BrifTon. 

Porphyry fometimes contains fchorl. "Wallerius has defcribed 
it " Porphir rubeus, cum fpatho fcintillante albo, et bafalto 
nigro." 

species vi r. 
Jafper and Garnet. 

This ftone has been difcovered in Iceland : the ground is a* 
green jafper, which includes ferruginous garnets cryftallized, 
and of a red colour. 
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Jafper and Calcedony. 

The mountain of Giants, in Bohemia, affords this ftone. It 
has likewife been found in the Carpathian mountains, near Kaf- 
knu in Hungary. A ftone has likewife been obferved at Ober- 
Rein, in the Palatinate, compofed of agate and jafper. 
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SPECIES IX. 

Jafper and Quartz. 

This compound (tone, called Saxum Sibericum by Linnccus, 
has been found in Siberia, and alfo near Stutgard in the Duchy 
of Wirtemburg. 

species x. 

Jafper Quartz, and Feld Spar 

This ftone is found in the environs of Geneva. Its ground is 
a jafper, or rather a petro-filex, black, opaque, and very hard. 
This matrix is interfperfed with fmall rectangular cryflals of 
white feld fpar, and rounded grains of tranfparent quartz. Mr. 
De SaufTure, who has described this fpecies, places it among 
the porphyries. 

SPECIES XI. 

Schorl, Garnet, and Tourmaline. 

Mr. Mullur has difcovered in Schneeburg, a mountain of the 
territory of Sterzing in Tyrol, a rock of this kind, containing 
large cryflals of tourmaline, which include fmall cryflallized gar- 
nets, tranfparent, and of a red colour. 

Mr. Ferber affirms that he found between Faiftritz and Car- 
nowitz in Stiria, detached pieces of green fchorl, which enclofe 
large red garnets : he adds, that this fchorl is fometimes fcaly, 
and of a micaceous texture. 

Mr. De SaufTure has found in the environs of Geneva, flones 
worn round by water, which were compofed of fchorl in the 
mafs, and garnet. 

The Mediterranean Sea throws up on our coaft many varieties 
of rounded pebbles of porphyry, which have fchorl for their 
bafis. 

GENUS VI. 

Super-compound Stones, or fuch as refult from the Mixture and Re- 
\mion of feveral different Genera. 

SPECIES I. 

Petro-fflex, Alumine, and Calcareous Spar. 
This ftone is found at Schneeburg in Saxony. 
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species it. 
Clay, Steatites, and Calcareous Spar. 
This fpccies, as well as the two following, are comprifed un- 
der the name of Saxa Glandulofa. The fteatires, the fpar, and 
the other fubflances are difperfed in the matter whieh forms the 
ground of this rock. 

SPECIES Hi. 
Clay, Zeolite, Schorl, and Calcareous Span » 

SPECIES IV. 
Clay, Serpentine, and Calcareous Spar. 

SPECIES v. 
Serpentine, Mica, and Calcareous Spar. 

Mr. Ferber has defcribed this laft fpecies under the name of 
Polzevera ; a denomination fuggefted to him by the place where 
it is found. See his Letters on Italy. 

SPECIES VI. 

Serpentine, Schorl, and Calcareous Stone. 

This (tone furrounds the veins of the mine of St. Simon 
and Jude, at Dognafta, in the Bannat of Temefward : it is like- 
wife found in copper mines of Safka ; and at Hoferfchlag, near 
Schnemniz, in Lower Hungary. 

SPECIES VII. 

Steatites, Mica, and Garnets. 
This ffone is found at Handol in Jempterland, towards the 
north of Sweden. — Born. Ind. Foff. par. ii. 

SPECIES VIII. 

Steatites, Mica, and Schorl. 

This (lone was found at Salbury in Weftmanland, a province 
of Sweden. — Born. Ind. Foff. par. ii. 

SPECIES. IX. 

Garnets, Quartz, Mica, and Serpentine. 

_ This contains a fmall quantity of pyrites. It is found at 
Mifterthal in Tyrol. — See Bruckman. 
2...I 
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SPECIES X. 
Feld Spar, Quartz, Mica, Steatites. 

Several granites are formed by a mixture of this nature. 
Such are found at Sunneflcog in Sweden, and at Guten Hoff- 
nangfban near Altwofchitz in Bohemia : it is the granites Jieatke 
tnixtus of Born. 

SPECIES XI. 

Quartz, Mica, and Clay. 

This rock is the matrix of the ore of tin at Platte, and at 
Gottefgab in Bohemia. 

SPECIES XII. 
Quartz, Clay, and Steatites. 
This is found at Mount St. Godard in Switzerland. 

Concerning the Diamond. 

The Diamond forms an appendix to the hiftory of flones. 
Its combuftibility is a character which prevents its being aflimi- 
lated to any known fpecies. 

The diamond was long confidered as the hardeft and moft 
ponderous of ftones, as well as the only one which did not 
caufe a double refraction ; but fubfequent obfervations have de- 
itroyed thefe early notions. The adamantine fpar appears to 
equal it in hardnefs ; the oriental ruby, and the jargon of Ceylon 
are more ponderous •, and the oriental precious (tones exhibit 
one refraction only, as does likewife the phofphorick fpar. 

This precious ftone is found on the coaft of Coromandel, 
and principally in the kingdoms of Golconda and Vifapour. 

The earth which ferves as its gangue is red, ochreous, and 
foils the lingers. 

The general proeefs of exploring the diamond mines or earths 
confifts in mixing the earth with water, after which the fluid is 
poured off, and the fand which remains at the bottom is dried 
by the ftrong heat of the fun. — See the Memoirs of the Compte 
Marechal. 

Other naturalifls inform us that, when the earths have been 
wafhed, the refidue is left to dry, and is fifted in balkets made 
-for the purpofe. The workmen afterwards feek for the dia- 
monds with their hands. 
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Diamonds in their native (late are covered with two crufts; 
^the one earthy, and the other fparry. — Rome de Lifle. 

"When lapidaries undertake to work them, they are obliged to 
find the grain of the ftone, in order to fplit or cleave the dia- 
mond. If the fracture be not uniform, they call the ftone a 
diamond of nature. The hardnefs of the diamond is fuch, that 
it refills the moft highly polifhed fteel ; which circumftance 
renders it neceffary to attack it by diamond powder. 

The manner or form in which diamonds are cut, <iiftin~ 
guifhes them into rofe diamonds, and brilliants, or brilliant dia- 
monds. The brilliant diamond is cut into facets on both fides. 
The variety of forms given to thefe facets, and their different 
inclinations with refpect to each other, multiply the refractions, 
and contribute to afford thofe reflections, and ftreams of pure 
and vivid light, which characterize the diamond. 

The diamond is divided in two kinds 5 the oriental diamond 
and the Brazilian diamond. 

The oriental diamond cryftallizes in o£lahedrons, and ex- 
hibits all the varieties of this primitive form. 

The Brazilian diamond cryftallizes in dodecahedrons : It is 
neither fo hard, fo heavy, fo perfect, nor fo valuable, as the ori- 
ental diamond. 

The colourlefs diamond has a fpecifick gravity which is in 
proportion to that of water as 35.212 to 10.000. Mr. Briffon 
has derived this fpecifick gravity from an experiment on the 
Pitt diamond of the French crown. A cubick foot of this dia- 
mond would weigh two hundred and forty-fix livres, feven 
ounces, five gros, fixty-nine grains. 

The diamond is fometimes coloured green, violet, black, &c. 
The green are the moft efteemed, becaufe they are the mofl 
fcarce. The weight of coloured diamonds is more confiderable 
than that of the white diamonds : becaufe it is augmented by 
the weight of the colouring principle which is of a metallick 
nature. 

The brilliancy, hardnefs, and fcarcity of the diamond have 
preferved it in the moft extravagant degree of eftimation. A di- 
amond is faid to be of a fine water when it prefents no defect; 
or fpot ', and the price is proportioned to its purity. 

When a diamond is without fault, its value is eftimated ac- 
cording to its weight ; which is determined or divided into ca- 
rats, each carat being equivalent to about four grains. 

The moft beautiful diamonds hitherto known arc — 1. The 
two in the crown of the king of France ; one of which is the 
Grand Sancy, weighing one hundred and fix carats ; and the 
other the Pitt, which weighs feven gros, twenty-five grains and 
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one fifteenth. It is fourteen lines long, thirteen and a half 
broad, and nine and one third thick. 2. The diamond which 
atprefent belongs to the Czarina weighs {even hundred and fev- 
enty-nine carats. The emprefs purchafedit in 1772 for 1 2 tons 
of gold (100,000 florins,) and granted a penfion of four thou- 
fand roubles to the feller. It is protended that this fine diamond 
was one of thofe which ornamented the eyes of the famous ftatue 
Scheringham, which has eight eyes and four heads •, and that it 
was carried off by a French deferter who had procured himfelf 
to be appointed as a guard to the temple of Brama. This dia- 
mond was at firft fold for fifty thoufand livres, afterwards for 
about four hundred thoufand livres, and was at length purchafed. 
by the Emprefs of Ruffia. 

The combuftibility of the diamond is a phenomenon fuffi- 
ciently interefting to induce us to give a faithful extradl of the 
principal experiments which have lerved to advance our knowl- 
edge upon this fubjeel:. 

Boyle obferved, long fince, that the diamond, expofed to a 
violent fire, emitted acrid vapours. 

The emperor Francis the Firft caufed crucibles to be expofed 
to a reverberatory fire for twenty- four hours, into which veffels 
the value of fix thoufand florins in diamonds and rubies were 
put. The diamonds difappeared, but the rubies were not alter- 
ed. Thefe experiments were repeated with great expenfe : and 
it was ascertained that the diamond loit its polifh, fcaled off, and 
was diffipated. 

The Great Duke of Tufcany, in 1694, caufed experiments to 
be made by Mr. Averoni and Targioni, by the mirror of Tfchir- 
naufen, and it was found that the diamonds difappeared in a few 
minutes. 

In 1772, thefe experiments were refumed by the flcilful chem- 
ifts of Paris — Darcet, the Comte de Laraguais, Cadet, Lavoifier, 
Mitouard, Macquer, &c. The details of the interefting expe- 
riments made on this fubject may be feen in the volumes of the 
Academy of Sciences, and the Journeaux de Phyfique, of that 
year. We fhall fimply relate the refults. 

1. MefTrs. Darcet and the Comte de Laraguais proved that 
the diamond is volatilized in balls of porcelain. 

2. Mr. Macquer took notice that the diamond dilated and 
fwelled up ; and that a blue flame was obfervable on its furface 
during the combuftion. 

3. MefTrs. Lavoifier and Cadet proved, that the combuftion 
of diamonds in clofed velTcls ceafed as foon as the oxigenc was 
deftroyed ; and that the diamond did not burn but in propor- 
tion to the oxigene prefent, like all other com'buftibie fabftar 
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The jewellers, who expofe their diamonds to very violent fires 
to render them coJourlefs, are caietul to wrap them up in fuch a 
manner as to fecure them from the contact of air. 

Mr. De SaulTure burned a diamond by the blow-pipe ; Mr. 
J/avoifier has proved that, when it is expofed to the burning 
glafs/aduit arifes which precipitates lime-water. 

The diamond is therefore a comhuftible fub fiance, which 
burns in the fame manner as other bodies. This ftridt. and ac- 
curate confequence is deduced from all the experiments which 
can be imagined to acquire, a perfect demonflration. 

Within a few years .cheruifts have discovered a very fingular 
flone, to which the name of Adamantine Spar has been given 
by Bergmann. 

It is black, and fo hard that its powder may be ufed to cut 
the diamond ; from which circumllance it has obtained its 
name. 

It cryftallizes in hexahedral or fix-fided prifms, two of which 
are large, and four fmall. 

It fpecifick gravity is 38.732 with refpect to water, which is 
aflumed at 10.000. See Brifibn.— The cubick foot weighs two 
hundred and feventy-one livres, one ounce, feven gros, fixty- 
three grains. 

The moft violent fire produces only a flight foftcning of this 
fpar, according to the experiments of Mr. Lavoifier. 

The analyfis made by Mr. Klaproth of this Hone, has exhib- 
ited a peculiar earth, which is fuipectcd to be likewife one of the 
principles of nrecious ftoncs, &c, 



GENERAL VIEWS 

RESPECTING 

*Ihe Decompcfaions and Changes to which the Stot:y Part of sur 
Globe has been fubjetled. 

IF it were permitted man to follow, during feveral 
£ges, the various changes which are produced on the furface of 
our globe by the numerous agents that alter it, we fhould at this 
time have been in pofleffion of the mod valuable information 
reflecting thefe great phenomena : but thrown, as we are, al- 
moft by accident, upon a fmali point of this vafL theatre of ob- 
tion, we fix our attention for a moment upon operations 
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which have employed the works of nature for ages; and we 
ane unable either to perceive or to foretel the refults, becaufe 
feveral ages are icarcely fufHcient to render the effects or chan- 
ges perceptible. Nature never ceafes to exift : her activity has 
been coeval with the exiftence of matter ; her operations are not 
circumfcribed within limited times; fhe difpofes of whole ages 
in the arrangement of her combinations ; while man can com- 
mand no more than a few inftants, and himfelf difappears at the 
moment v/herein he has proceeded fo far as to connect a few 
facts together. Hence, no doubt, it arifes, that nature is incom- 
prehensible in fome of her operations, and inimitable in all thofe 
which require a long feries of time. 

It muft be allowed that thofe men who., by the mere efforts of 
their imagination, have endeavoured to form ideas refpecting the 
conftruction, and the great phenomena of this globe, have nu- 
merous titles to our indulgence. In their proceedings we be- 
hold the efforts of genius, tormented with the defireof acquir- 
ing knowledge, and irritated at the profpect of the fcanty means 
which nature has put in its power : and when -thefe naturalilts, 
fuch as Mr. De Buffon, have poffeffed the^power of embellifhing 
their hypothefes with every ornament which imagination and el- 
oquence can furnifh, either as inftruments of illufion or enter- 
tainment, we ought to confider ourfelves indebted to them. 

For our part, we fhall confine ourfelves to exhibit a few ideas 
refpecting the fucceflive decompositions of our planet, and fhall 
endeavour to avoid every departure from obfervation and matter 
of faft. 

The flighted obfervation fhews.usthat living beings are kept 
up and perpetuated only by fucceflive decompofitions and com-* 
binations. A flight view of the mineral kingdom exhibits the 
famechanges ; and our globe, in all its productions, prefents 
continual modifications, and a circle of activity, which might 
appear incompatible with the apparent inertia of lithologick pro- 
ducts. 

In order to arrange our ideas with greater regularity, we may 
confider this globe in two different ftates. We will firft exam- 
ine the primitive rock which forms the nodule or central part. 
This appears to contain no germ of life, includes no remains or 
part of any living being, and from every circumftance appears 
to have been of primitive formation, anteriour to the creation of 
animated or vegetating bodies. We fhall purfue the various 
changes which are daily produced by the deftructive action of 
fuch agents as alter or modify this fubftance. 

"We fhall then proceed to examine what flones have been fuc- 
ceffively placed upon this, and what are the decomjpofitions to 
which thefe fecondary rocks have been fubjected. 
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1. The obfervations of naturalifts all unite to prove, that the 
central part of the globe confifts of the ftone known by the 
name of Granite. The profound excavations which the art of 
man, or currents of water, have made in the furface of our plan- 
et, have all uncovered this rock, and have been incapable of pen- 
etrating lower : we may therefore confider this fubftance as the 
nucleus of the globe ; and upon this fubftance it is that all mat- 
ters of pofteriour formation reft. 

Granite exhibits many varieties in its form, compofition, and 
difpofition : but it in- general confifts of an affemblage of certain 
filiceous ftones, fuch as quartz, fchorl, feld fpar, mica, &c. ; and 
the more or lefs considerable magnitude of thefe elements of 
granite, has caufed it to be divided into coarfe-grained granite, 
and fine-grained granite. 

It appears to me that there is no denying but that thefe rocks 
owe their arrangement to water : and if we may be permitted 
to recur, by an effort of the imagination,* to that epocha in 
which, according to facred and profane hiftorians, the water and 
earth were confounded, and the confufed mixture of all princi- 
ples formed a chaos, we fhall fee that the laws of gravity inhe- 
rent in matter muft have carried it down, and neceffarily produc- 
ed the arrangement which obfervation at prefent exhibits to us. 
The water, as the lead heavy, muft have purified itfelf, and 
arifen to the furface by a filtration through the other materials-: 
while the earthy principles muft have precipitated, and formed 
a mud, in which all the elements of ftones were confounded. 
In this very natural order of things, the general law of affinities, 
which continually tends to bring together all analagous parts, 
muft have exerted itfelf with its whole activity upon the princi- 
ples of this almoft fluid pafte ; and the refult muft have been a 
number of bodies of a more definite kind, in cryftals more or 
lefs regular : and from this muddy fubftance, in which the prin- 
ciples of the ftones were confounded that compofe the granite, 
a rock muft have been produced, containing the elementary 
ftones all in poffeffion of their diftinct forms and characters. 
In this manner it is that we obferve falts of very different kinds 
develope themfelves in waters which hold them in folution ; and 
in this manner it It ill happens that cryftals of fpar and gypfurn 
are formed in clays which contain their component parts. 

* This is the firft and the laft fuppofition in which I fhall indulge my- 
felf. It is a conjecture, however, which is indifferent with reipec~t to the 
bafis of the fubjccl: itfelf; (ince it relates only to an hypothecs respecting 
the manner in which a rock might be formed that at prefent exiits, and 
whofe decompofitions alone can form the fubject of our obfervations. 
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It may eafily be conceived that the laws of gravitation mitfi: 
nave influenced the arrangement and difpofition of the products. 
The mod grofs and heavy bodies molt have fallen, and the light - 
eft and molt attenuated fubftances mull have arranged them- 
felves on the furface of the foregoing : and this it is which con- 
stitutes the primitive fehifti, trie gneis, the rocks of mica, &c. 
which commonly repofe upon maiTes of coarfe-grained granite. 
The difpofition of the fine-grained granite in ftrata or beds, 
appears to me to depend on this pofition, and the finenefs or 
tenuity of its parts. Being placed in immediate contact with 
water, this fluid mull naturally have influenced the arrangement 
which it prefents to us ; and the elements of this rock being 
fubjecled to the effect of waves, and the action of currents, 
muft have formed ftratr:. 

The rocks of granite being once eftablifhed as the nucleus of 
our globe, we may, from the anah'fis of its confeituent principles, 
and by attending to the action of the various agents capable of 
altering it, follow the degradations to which it has been fubject- 
ed, ftep by ftep. 

Water is the principal agent whofc effects we fhali examine. 

This fluid, collected in the cavity of the ocean, is carried by 

the winds to the tops of the molt elevated mountains, where it 

is precipitated in rain, and forms torrents, which return with 

various degrees of rapidity into the common refervoir. 

This uninterrupted motion and fall muft gradually attenuate 
And wear away the hardeft rocks, and carry their pulverulent 
parts to diftances more or lefs conilderable. The action of the 
air, and varying temperatures of the atmofphere, facilitate the 
attenuation and the deftruction of thefe rocks. Heat dries their 
furface and renders it more accefhble and more penetrable to 
fhe water which fucceeds ; cold divides them, by freezing the 
water which has entered into their texture ; the air itfelf affords 
the carbonick acid, which attacks the lime-ftone, and caufes it to 
efflorefce ; the oxigene unites to the iron, and calcines it ; info- 
much that this concurrence of caufes favours the difunion of 
principles ; and confequently the action of water, which clears 
the furface, carries away the products of decompofition, and 
makes preparation for a fuccceding process of the fame nature. 
The fir ft effect of the rain is therefore to deprefs the moun- 
tains. But the (tones which compofe them muft refift in pro- 
portion to their hardnefs ; and we ought not to be furprifed 
when we obferve peaks which have braved the deftructive ac- 
tion of time, and ftill remain to atteft the primitive level of 
the mountains which have difappeared. The primitive rocks, 
macceffifole to the injury of ages as to the animated be- 
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ings which cover lefs elevated mountains with their remains, 
may be confidered as the fource or origin of rivers and ftreams. 
The water which falls on their fummits, flows down in torrents 
by their lateral furfaces. In its courfe it wears away the foil 
upon which it inceffantly acts. It hollows out a bed, of a depth 
proportioned to the rapidity of its courfe, the quantity of its wa- 
ters, and the hardnefs of the rock over, which it flows ; at the 
fame time that it carries along with it portions and fragments 
of fuch {tones as it loofens in its courfe. 

Thefe (tones, rolled along by the water, muft ftrike together, 
and break off their projecting angles : a procefs that mull 
quickly have afforded thofe rounded flints which form the peb- 
bles of rivers. Thefe pebbles are found todiminifh in fize, in 
proportion to the diftance from the mountain which affords 
them ; and it is to this caufe that Mr. Dorthes has referred 
the difproportionate magnitude of the pebbles which form our an- 
cient worn (tones, when compared with thofe of modern date : 
for the fea extending itfelf formerly much more inland, in the 
direction of the Rhone, the (tones which it received from the 
rivers, and threw back again upon the (hores, had not run 
through fo long a fpace in their beds as thofe which they at pre- 
fent pafs over. Thus it is that the remains of the Alps, carried 
along by the Rhone, have fucceflively covered the vaft interval 
comprised between the mountains of Dauphiny and Viva- 
rais ; and are carried into our feas which depofite them in fmall 
pebbles on the fhore. 

The pulverulent remains of mountains, or the powder which 
refults from the rounding of thefe flints, are carried along with 
greater facility than the flints themfelves : they float for a long 
time in the water, whofe tranfparence they impair ; and when 
thefe fame waters are lefs agitated, and their courfe becomes 
flackened, they are depofited in a fine and light parte, forming 
beds more or lefs thick, and of the fame nature as that of the 
rocks to which they owe their origin. Thefe ftrata gradually 
become drier by the agglutination- of their principles ; they be- 
come confident, acquire hardnefs and form filiceous clays, filex, 
petrofilex, and all the numerous clafs of pebbles which are found 
difperfed in (trata, or in banks, on the ancient beds of rivers. 

Mr. Pallas has obferved the tranfition of clay to the (tate of 
filex in the brook of Sunghir, near Wolodimir. Mr. J. W. 
Baumer has likewife obferved it in Upper Hefle. 

The mud is much more frequently depofited in the interftices 
left between the rounded flints themfelves, which intervals it 
fills, and there forms a true cement that becomes hard, and con- 
ilitutes the compound (tones known by the name of pudding- 
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ftones and grit-ftones ; for thefe two kinds of ftone do not ap- 
pear to me to differ but in the coarfcnefs of the grain which forms ; 
them, and the cement which' connects them together. 

We fome times obierve the granite fpontaneoufly decompofed. 
The texture of the ftones which form it has been deftroyed ; 
the principles or component parts afe difunited and feparated, 
and they are gradually carried away by the waters. I have ob- 
ferved near Mende, towards Caftlenouvel, the molt beautiful ka- 
olin on the furface of a granite, in a ftate of decompofition ; and 
this fame rock is decompcfed in feveral other parts of our prov- 
ince. It appeared to me that the feld fpar was particularly fub- 
ject to be altered the firft. 

Moft filiceous ftones, formed by the deposition of fluvia- 
tile wafers, and hardened by the lapfe of time, are eafily fub- 
jecled to a fecond decompofition. Iron is the principal agent of 
thefe fecondary alterations ; and its calcination determined by 
air or water, produces a difunion of principles. Nature may' 
be oblerved in this procefs, by an attentive examination of fuch 
alterations as gun flints, varoilites, porphyries, jafpers, and the 
like are fubjected to. 

The decompofition of flints,calcedonies, agates, and generally 
all ftones of this kind which pofTefs a certain degree of tranfpar- 
ence, appears to me to be referable to the volatilization of the 
water which forms one of their principles, and is the caufe of 
their tranfparency. 

Thefe ftones' may be confidered as commencements of cryf- 
tallization j and, when the water is diffipated, they efflorefce af- 
ter the manner of certain neutral falts. Hence it arifes that the 
decompofition is announced by opacity, a white colour, lofs of 
confidence and hardnefs ; and terminates by forming a very 
attenuated powder, fometimes of extreme whitenefs. It is this 
decompofition, more particularly, which forms clays. 

There are flints whofe alterations form effervefcent marles. 
Thefe do not appear to me to be of the nature of primitive 
rocks ; they have the fame origin as the calcareous ftones, from 
which they differ only in confequence of a very confiderable 
proportion of clay. The ltones which we fo abundantly find of 
this nature around us, among calcareous decompositions, may 
be confidered as of this kind. 

Water filtrating through mountains of primitive rock, fre- 
quently carries along with it very minutely divided particles of 
quartz ; and proceeds to form by depofition, ftala&ites, agates, 
rock cryital, &c. 

Thefe quartzofe Stalactites differently coloured, arc of a form- 
ation confiderably analagous to that- of calcareous alab?.fters - f 
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and we perceive no other difference between them than that of 
their constituent parts. 

III. Thus far we have exhibited, in a few words, the princi- 
pal changes, and various modifications, to which the primi- 
tive rocks have been fubjecled. We have not yet obferved ei- 
ther germination or life ; and the metals, fulphur, and bitumens, 
have not hitherto prcfented themfelves to our obfervation. 
Their formation appears to be pofleriour to the exiftence of this 
primitive globe ; and the alterations and decompositions which 
now remain to be enquired into, appear to be produced by the 
clafs of living or organized beings. 

On the one hand, we behold the numerous clafs of fhell ani- 
mals, which caufe .the (tony mafs of our globe to increafe by 
their remains. The fpoils of thefe creatures, long agitated and 
driven about by the waves, and more or lefs altered by collifion, 
form thofe Itrata and banks of lime-Stone, in which we very of- 
ten perceive impreflions of thofe (hells to which they owe their 
origin. 

On the other hand, we obferve a numerous quantity of veg- 
etables that grow and perifh in the fea ; and thefe plants like- 
wife, depofited and heaped together by the currents, form Strata, 
which are decompofed, lofe their organization, and leave all the 
principles of the vegetable confounded with the earthy princi- 
ple. It is to this fource that the origin of pit-coal, and Second- 
ary fchiftus, is ufually attributed ; and this theory is eftablifhed 
on the existence of the texture of decompofed vegetables very 
ufually Seen in fchifti and coal ; and likewife on the prefence of 
Shells and fifli in moft of thefe products. 

It appears to me that the formation of pyrites ought to be at- 
tributed to the decomposition of vegetables : It exifts in great- 
er or lefs abundance in all fchifti and coal. I have found a 
wooden Shovel buried in the -depositions of the river De Ceze, 
converted into jet and pyrites. The decomposition of animal 
fubftances may be added to this caufe ; and it appears To me 
to be a confirmation of thefe ideas, that we find many Shells 
paffed to the (late of pyrites. 

Not only the marine vegetables form considerable Strata by 
fheir decomposition ; but the remains of thofe whichgrowon the 
furface of the globe ought to be confidered among the caufes or 
agents which concur in producing changes upon that furface. 

We (hall Separately confider how much is owing to each oi 
thefe caufes ; and Shall follow the effects of each, as if that caufe 
aione were employed in modifying and altering our planet. 

r. The calcareous mountains are conltantly placed upon tin 
furface of the primitive mountains ; and though a few Solitary 
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obfervations prefent a contrary order, we ought to confuler this 
inverfion and derangement as produced by {hocks which have 
changed the primitive difpofition. I mult obferve alfo that the 
diforder is fometimes merely apparent ; and that fome natural- 
ifls of little information have defcribed calcareous mountains as 
inclining beneath the granite, becaufe this laft pierces, as it were, 
through the envelope, rifes to a greater height, and leaves at its 
feet, almofl beneath it, the calcareous remains depofited at its 
bafe. 

Sometimes even the lime-ftone fills to a very great depth the 
crevices or clefts formed in the granite. I have feen in Gevau- 
dan, towards Florae, a profound cavity in the granite filled with 
calcareous (lone. This vein is known to poflefs a depth of more 
than one hundred and fifty toifes, with a diameter of about two 
or three. 

It likewife happens frequently enough that fuch waters as are 
loaded with the remains of the primitive granite, heap them to- 
gether, and form fecondary granites, which may exift above the 
calcareous ilone. 

Thefe calcareous mountains are decompofed by the combined 
action of air and water •, and the product of their decompofition 
fometimes forms chalk or marie. 

The lightnefs of this earth renders it eafy to be tranfported 
by water ; and this fluid, which does not poflefs the property 
of holding it in folution, foon depofites it in the form of gurhs, 
ralabafters, ftalactites, &c. Spars owe their formation to no other 
caufe. Their cryftallization Is pofteriour to the origin of calca- 
reous mountains. 

Waters wear down and carry away calcareous mountains with 
greater eafe than the primitive mountains ; their remains being 
very light, are rolled along, and more or lefs worn. The frag- 
ments of thefe rocks are fometimes connected by a gluten Or, 
cement of the fame nature •, from which procefs calcareous grtt 
and breccias arife. Thefe calcareous remains formerly depofit- 
ed themfelves upon the quartzofe fand ; and the union of prim- 
itive matter and fecondary products, gives rife to a rock of a mix- 
ed nature, which is common to our province. 

2. The mountains of fecondary fchiftus frequently exhibit to 
us a pure mixture of earthy principles, without the imalleft vef- 
tige of bitumen. Thefe rocks afford, by analyfis, filex, alumine, 
magnefia, lime in the ftate of carbonate, and iron ; principles 
which are more or lefs united, and confequently acceflible in 
various degrees to the actions of fuch agents as deftroy the rock* 
"hitherto treated of. 
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Thefe fame principles when difunited, and carried away by 
waters, give rife to a great part of the (tones which we have com- 
prifed in the magnefian genus. The fame elements, worn down 
by the waters, and depolited under circumftances proper to fa- 
cilitate cryftallization form the fchorls, tourmaline, garnets, &c. 

We do not pretend by this to exclude and abfoiutely reject 
the fyftem of fuch naturalifts as attribute the formation of mag- 
nefia ltones to the decompofition of the primitive rocks. But 
we think that this formation cannot be objected to for feveral of 
them, more efpecially fuch as contain magnefia in the greateft 
abundance. 

It frequently happens that the fecondary fchifti are interfperf- 
ed with pyrites ; and, in this cafe, the fimple contact of air and 
water facilitates their decompofition. Sulphurick acid is thus 
formed, which combines with the various conftituent principles 
of the (lone ; whence refult the fulphates of iron, of magnefia, 
of alumine, and of lime, which efflorefce at the furface, and 
remain confounded together. Schifti of this nature are wrought 
in moll places where alum works have been eftablilhed •, and 
the mod laborious part of this undertaking con lifts in feparating 
the fulphates of iron, of lime, and of magnefia from each other, 
which are mixed together. Sometimes the magnefia is fo abun- 
dant that its fulphate predominates : I have feen mountains of 
fchiftus of this nature. The fulphate of lime being very fpar- 
ingly foluble in water, is carried away by that liquid, and de- 
pofited to form gypfum ; while the other more foluble falts re- 
maining fufpended, form vitriolick mineral waters. 

The pyritous fchifti are frequently impregnated with bitumen, 
and the proportions conftitute the various qualities of pit-coal. 

It appears to me that we may lay it down as an inconteftible 
principle, that the pyrites is abundant in proportion as the bitu- 
minous principle is more fcarce. Hence it arifes, that coals of a 
bad quality are the moft fulphureous, and deftroy metallick veflels 
by converting them into pyrites. The focus of volcanoes ap- 
pears to be formed by a fchiftus of this nature ; and in the anal- 
yfes of the ftony matters which are ejected we find the fame 
principles as thofe which conftitute this fchiftus. We ought 
not therefore to be much furprized at finding fchorls among vol- 
canick products ; and ftill lefs at obferving that fubterraneau 
fires throw fulphurick falts, fulphur, and other analogous pro- 
ducts out of the entrails of the earth. 

3. The remains of terreftrial vegetables exhibit a mixture of 
primitive earths more or lefs coloured by iron : we may there- 
fore confider thefe as a matrix in which the feeds of all ftony 
combinations are difperfed. The earthy principles afiort them- 
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felves according to the laws of their affinities ; and form ci \ 
of fpar, of plaiter, and even the rock cryftals, according to all 
appearance : for we find ochreous earths in which tlicfe cryftals 
are abundantly difperfed \ we fee them formed almoft under our 
eyes. I have frequently obferved indurated cchres full of thefe 
cryftals terminating in two pyramids. 

The ochreous earths appear to me to deferve the greateft at- 
tention of naturaJilts. They conftitute one of the moft fertile 
means of action which nature employs j and it is even in earths 
nearly fimilar to thefe that fhe elaborates the diamond, in the 
kingdoms of Golconda and Vifapour. If it were allowable to 
.indulge in a. fiction purely poetical, we might affirm that the el- 
ement of fire, fo far from being loft by the difperfion of the com- 
buftibje principles of vegetables, becomes purified to form this 
precious Hone fo eminently combuftible ; that nature has been 
defirous of proving that the terms Deftruction and Death are 
relative only to the imperfection of our fenfe^; ; and that fhe is 
never more fruitful than when we fuppofe her to be at the mo- 
ment of extinction. 

The fpoils of animals which live on the furface of the globe, 
are entitled to fome confideration among the number of caufes 
which we affign to explain the various changes our planet is 
fubjedted to. We find bones in a ftate of conliderable preferva- 
tion in certain places ; we can even frequently enough diftin- 
guifh the fpecies of the animals to which they have belonged. 
From indications of this fort it is that fome writers have en- 
deavoured to explain the difappearance of certain fpecies ; and 
to draw conclufions from thence, either that our planet is per- 
ceptibly cooled, or that ? fenfible change has taken place in the 
pofition of the axis of the earth. The phofphorick falts and 
phofphorus which have been found, in our time, in combination 
with lead, iron, &c. prove that, in proportion as the principle 
-are difengaged by animal decompofition, they combine with oth- 
er bodies, and form the rtirrick acid, the alkalis, and in general, 
the numerous kinds of nitrous falts. 



PART THE THIRD 

CONCERNING METALLICK SUBSTANCES, 



INTRODUCTION. 



JVlETALLICK fubftances are diftingurfhed from all 
the other productions of our globe, by an abfolute opacity, a 
much greater fpecifick gravity than that of any other fubftance, 
and a degree of brilliancy peculiar to bodies of this clafs. 

The multiplicity of ufes to which metals are applied in the 
nrts, and in medicine, as well as the place which they occupy 
in the natural hiftory of our planet, render the (tudy of them 
both interefting and neceffary. 

i. One of the diftinctive characters of metals is their opacity. 
The mod opaque (lone, divided into very thin laminae, becomes 
Iranfparent ; whereas the thinned plate of metal preferves the 
fame opacity as the mafs itfelf.* This truly characleriftick pro- 
perty has induced artifts to employ metals ro reflect the images 
of objects. A thin covering of tin and mercury fixed on the 
furface of a glafs, forms a mirror or looking-glafs ; and well 
polifbed flecl conftitutes the mirrors of telefcopesf The hard- 
nefs of a metal contributes frngularly to facilitate the reflection 
of objects, as it renders it capable of taking a very fine polifh, 

* Gold excepted : which, when beaten into leaf of about the two hun- 
dred and eighty thoufandch part of an inch in thicknefs, tranfmits light 
tA h beautiful green colour. It is highly probable that other metals 
would become tranipirent if they could be mechanically divided, or 
beaten out into lamina; of fufficient thinnefs, or if oralis had iuflicient 
motives to attempt it. 

See Newton on Light and Colours, for the proofs on which he grounds 
h:s general inference— that all bodies are tranfparent when lurliciently di- 
vided. T. 

f I do' not find that Heel ha? ever been in general ufe for reflecting tel- 
efeopes, though it has doubtlefs been tried among the many expe- 
riment 1 ; made for the improvement of thel'c in if rum ems. A kind of 
bell-metal, confiifing of one third tin, and two thirds copper, is com- 
monly employed for this purpofe : the addition of ^bout a fiftieth part of 
arfenick fingularlv contributes to the clofenefs of its grain. On this fubjecr. 
confult theTreatifc of Mr. EiiwarJs annexed; to the Nautical Almanack 
for 1787. T. 
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but its colour mufi neceflarily concur to render it perfect ) 
for thefe tinges caufe it to abibrb a greater or lefs quantity of 
the rays. The great defect of metallick mirrors is, that their 
furface becomes tarnifhed by the inevitable alteration which the 
action of the air and moilture mult, produce. 

2. The relative weight is like wife a character by which we 
may diftinguifh a metallick fubftance. A cubick foot (French) 
of marble weighs 190 pounds (livres) ; a cubick foot of tin 
weighs 510; and a cubick foot of gold 1348. 

The metals, in general, likewife pofTefs the facility of being 
extended and flattened when (truck, or fubjected to a ftrong 
and gradual prefiure : this property is known by the name of 
Ductility. All the metals do not poflefs this quality ; but thofe 
which poflefs the metallick qualities molt eminently, exhibit this 
likewife. We may diftinguifh three dates of ductility relative 
to the manner in which it is modified by various known procef- 
fes. 1. Ductility under the hammer. 2. Ductility through 
the plate of the wire-drawer. 3. Ductility between the lami- 
nating rollers. 

Metals ductile under the hammer prefent themfelves in the 
following order : Gold, Silver, Copper, Iron, Tin, and Lead. 

Metals ductile through the wire-drawer's plate form the fol- 
lowing feries : Gold, Iron, Copper, Silver, Tin, and Lead. — As, 
in the operation of wire-drawing, the metal is ftrongly drawn, 
to caufe it to pafs through holes of various diameters, and to re- 
duce it into threads, the metals do not refill this prodigious ex- 
tenfion but in proportion to their greater or lefs tenacity. Mr. 
De Fourcroy has therefore diftinguifhed this ductility from the 
foregoing, by attributing it merely to the tenacity of the metals. 

There arc fome metals which are not ductile either under the 
hammer or through the wire-drawer's plate, but become very 
confiderably fo when an equal and gradual preflure is applied. 
Zinck is of this nature. Mr. Sage has reduced it into very thin 
and very flexible leaves, by palling it between the laminating cy- 
linders. 

Heat aflifts the ductility of all metals, by feparating their in- 
tegrant parts, and forming fpaces or interftices which permit the 
comprefled molecules to flatten and extend themfelves. This cir- 
cumftance has induced artifts to avail themfelves of the afliftance 
of heat in the working of tnetals. Without this precaution 
they would either become hard, or crack ; becaufe the particles, 
being too near each other would be no longer capable of giving 
way under the hammer. 

The ductility of metals permits us to fafhion them as we think 
fit ; and it is upon this admirable property that almoft all the 
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#r?s are founded which relate to the working of metals. With- 
out this property, metallick bodies would confilt either of fhape- 
lefs maffes, or large pieces of fuch figures as calling might pro- 
duce. But we fhould be deprived of the number of various ob- 
jects which the arts have fucceffively afforded to fupply our wants 
cr luxuries. 

Nature very feldom prefents us with metals pofTefTed of the 
degrees of perfection here enumerated. She has concealed them 
in the bowels of the earth, combined with various fubftances ; 
which, by mafking or changing the metallick properties, have 
left to the induftry of man the laborious tafk of extracting them, 
clearing them of their original combinations, and giving them the 
valuable qualities which are peculiar to metals. The metals, 
thus buried and concealed, form ores. Thefe ores ufually exift 
in clefts or crevices of rocks, which are diftinguifhed by the 
name of Veins. Thefe veins are more or lefs inclined to the 
horizon ; and the degrees of inclination have caufed them to be 
diftinguifhed by the names of direct, oblique, inclined, or level 
veins, according to the angle they make with the horizon. The 
part of the rock which refts upon the fuperiour part of the vein, 
is called the Roof ; and that part upon which the vein itfelf refts, 
is called the Bed of the vein. Thefe veins are of various 
breadths, and are accordingly diftinguifhed by the names of 
Slips of Veins. 

They poffefs a greater or lefs degree of continuity, according 
to which they are diftinguifhed by the names of continued or 
broken veins ; and when the ore is found in fpherical parts or 
maffes, from fpace to fpace, thefe maffes are called Bellies or 
Stock-works. A vein which does not penetrate to a conftderabb 
depth in the earth, is called by us Goureur de Gazort. 

The characters from which mineralogifts pretend to affert 
the exiftence of an ore in the bowels of the earth, are all equiv- 
ocal and fufpicious. The favag'e afpect of a mountain, the na- 
ture of the plants which grow upon it, the exhalations which 
ariie from the earth, all afford characters too doubtful for a rea- 
fonable man to rifle his fortune upon fuch indications alone. 
The dipping wand, or divining rod, is the fruit of fuperftition 
and ignorance ; and the ridicule which has been fucceffively 
thrown upon this clafs of impoftors, has diminifhed their num- 
ber ; at the fame time that the numerous dupes of this clafs of 
men have rendered their fuccefTors more prudent 

The nature of the ftones which compofe a mountain is cana- 

ble of furni filing fome indications. Wc know, for example, 

that ores are feldom found in granite, and the other primitive 

mountains j we know like wife that mountains of too moJern a 

2...I 
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formation contain them very rarely ; and we find them only in 1 
fecondary mountains, in which the fchiftus and ancient calcare- 
ous (tone are void of all impreffions of (hells. 

The prefence of ponderous fpar, forming a ftratum or vein at 
the furface of the earth; has been confidered by many mineral- 
ogifts as a very good indication. It appears to me even that this- 
(lone is the fame which Becher has fpbken of in his works, un- 
der the name of Verifiable Earth, which he confidered as a prin- 
ciple of metals •, and that it has been very improperly taken 
for quartz by his readers. 

The vitnriable (lone of Becher — " lapidis fpecies quae in igne 
fluit, et fluens vitrum exhibet," — and elfewhere, " tranfparens 
enim nonnihtl eft, albus, et quafi, argenteis foliis interfperfusj- 
ad ignem facile liquabiiis," — was confidered by him as a certain 
indication of the prefence of ores, as appears by the following 
paffage : " Sine quo lapide, nulla minera bona eft, nee fertilatem 
promittir; ade6 enim i fie lapis mineris neceffarius eft, ut vel 
nude, et fine ullo metallo, in montibus exiftens, infallible fignum.. 
futuri metal! i fit ; quod, hoc figno freti, non fine magnis, inter- 
dum fumptibus, quaerunt minerarum indagatores ; hanc ergo 
fivs terram five lapidem, non fine pregnatibus caufis, pro princi- 
pioprimo omnium metallorum, minerarum, et lapidum ac gem- 
niarum, ftatuimus ct agnofcimus ; certis freti experimentis, ut 
in fequentibus demonftrabimus, quibus evincere poiTumus prae- 
fatam terram aclu in metailis et mineralibus omnibus, nee non 
lapidibus et gemmis, exiftere, eorumque mixtum utbafim et fun- 
damentum ingredi ; unde ea hypoftafin fuam, oppofitatem, dia- 

phaneitatem, et fluxum nancifcuntur li-^ec ergo terra non 

mod6 cum prefens adeft infailibile fignum affuturi metalli eft, icd 

et abfens idem fignum exiftit, defuturi nempe metalli de~ 

feclus hujus terrce proxima et frequentifiima caufa fteriiium 
minerarum exiftit .... lapis de quo egimus, non medo ut matrix 
fed ut ingrediens et principium." 

When wepofTefs indications of the exigence of an ore in any 
place, we may ufe the borer, to confirm or deftroy thefe fuf- 
picions, at a fmall expenfe. 

It frequently happens that the veins are naked or uncovered ; 
the mixture of (tones and metals forms a kind of cement which 
refills the deftructive adion of time longer than the relt of the 
mountain ; and as thefe parts of rocks connected by a metallick 
cement, prefent a ftronger refiftance to the ucfiion of waters, 
which incefiantly corrode and diminifh mountains, and carry 
away their parts into the fea, we frequently obferve the veins 
projecting on the fides *f the mountains incrufted with fome- : 
flight metallick impreffion altered by the lapfe of time. 
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Before we proceed to treat of metallick works in the large 
,*way, it will be proper to explain the methods, of judging of the 
nature and value of an ore, in order that the members of fo- 
ciety may not rafhly hazard their fortunes. The nature of an 
ore is judged from infpec"tion. A flight acquaintance with this 
fubjedt is fufheient to enable the obferver to form an immediate 
judgment of the nature of an ore. The blow-pipe is an initru- 
ment by the afTiftance or which we may in a fhort fpace of time 
.become acquainted likewife with the fpecies of the ore. This 
knowledge forms the docimaftick art, or decimaha. In order 
to make the aflay of an ore, in. general, (for all ores do not re- 
quire the fame procefs, as we lhall hereafter obferve,) fmall pie- 
ces of the mineral are examined. Thefe are cleared from for- 
eign and ftony fubftances as much as pofuble. The pure min- 
eral is then pounded, and a certain quantity weighed, which is 
torrefied in a veflel larger andlefs deep than a common crucible. 
By this means the fulphur or the arfenick in combination with 
the metal are difiipated ; and by the lofs of weight refulting 
from the calcination, a judgment is formed of the proportion 
of foreign volatile matter it contained. 

This firft operation (hews the proportion and quantity of ful- 
phur and arfenick which may be mixed -with the metal. The 
fulphureous fmell may eahly be diltinguifhed from the lrnell of 
garlick, which characterizes arfenick. Thefe foreign fubftan- 
ces mixed with the metal are called Mineralizers. 

In order to obtain an accurate judgment of the weight of the 
mineralizer, the augmentation in weight which the metal has 
undergone in palling from its metallick date to that of oxide or 
calx, mud be added. to the lofs occafioned by the calcination. 

hundred grains of this roafted ore are then to be taken, 
and mixed with fluxes capable of fufing and reducing it. In 
this operation a crucible is made ufe of; "and a fufheient degree 
of heat being applied, the metal is precipitated to the bottom of 
the crucible in a button, whofe weight indicates the quantity of 
metal contained in the ore. 

Thefe fluxes mil ft be varied according to the nature of the 
ores under examination. It is neceflary that they fhould all 
contain the coaly principle, to difeng2ge the oxigene with which 
thefe metals are impregnated by the calcination. But the na- 
ture of the flux muft De varied according to the fu Ability of the 
.metal. The three following will anfwer all thefe purpofes. 

1. The fufib'e material called black flux is made with two 
parts of tartar, and one part of nitre melted together. The coaly 
arid alkaline refidue is ufed to reduce the ores of lead, copper, 
.antimony, &c. 
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2. Two hundred grains of calcined borax, and one hundred 
grains cf nitre, twenty grains of flacked lime, and one hundred 
grains of the ore intended to be affayed, form the flux of fcopoli, 
of which I have found the advantage in the afl'ay of iron ores. 

The vitreous flux of Mr. l)e Morveau, made with eight parts 
of pounded glafs, one of borax, and half a part of powder of 
charcoal, may be employed for the fame purpofe. 

3. Arfenick and nitre, in equal parts form like wife a very 
active flux. 

The neutral arfenical fait has been ufed with fuccefs to fufe 
platina. 

As foon as the exiftence of a mine, and its nature and riches 
are afcertained, it is in the next place neceflary to be affured of 
a fufficient abundance and continuity of water to anfwer the 
purpofes of the works. It is likewife neceflary to be affured of 
pofleffing a fufficient quantity of wood or charcoal ; and more 
«efpecially, a good director muftbe procured : for, in my opin- 
ion, a poor mine weli managed is preferable to a rich one ill con- 
dueled. 

The'fe preliminary circumftances being accomplifhed, the mofl; 
fjmple and leaft expenfive proceffes mud be employed in extrac- 
ting the mineral from the bowels of the earth. For this pur- 
pofe, fhafts or galleries muft be dug, according to the pofuion 
of the vein, and the nature of its fituation. 

When it is practicable to arrive at the fide of the vein, and at 
2 certain depth, by a horizontal ga'lery, the works become more 
fimple and economical ; the fame opening ferving to draw off 
.the waters, and extract the ore. Galleries are then to be carried 
on to the right and left ; and fhafts funk, which communicate 
with the open air, as likewife others carried down into the vein. 
Galleries are likewife conftructed, one above the other, and the 
communication of the works kept up by ladders. When the 
foil is friable, and defective in folidity, care muit be taken to 
fupport it with timbers of fufficient ftrength, to prevent its fall- 
ing in. 

Pickaxes, wedges, and levers are ufed to detach the ore, 
■when the rock is foft ; but it is moft commonly neceflary to 
employ gunpowder, and to form mines. 

Want of air, and the abundance of water, arc almoit always 
noxious, and derange mine works. The water is carried off by 
fire-engine's, wind-mill pumps, and other fuitable apparatus. 

Currents of air are produced by eftablifhing communications 
■with the gaileiics by horziontal apertures. Furnaces erected 
on the fide of a fhaft, to which a long tube is adapted at on-; 
end, communicating with the afh hole, and at the other plung- 
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Wg into the fliaft to draw up the air, or ventilators placed in the 
fame fituation, anfwer a fimilar purpofe. The foul air is de- 
ftroyedby rendering a lixivium of allies cauftick ; and fprinkling 
quick-lime about the mine likewife produces the fame effect. 

A prudent company ought to extract the largeft poffible quan- 
tity of ore, before they determine upon conftru&ing the neceffa- 
ry works for the fubfequent precedes. We cannot 1 fee into the 
bowels of the earth. Appearances are often deceitful ; and we 
havefecn companies either ruined or difcouraged, bccaufe they 
had employed immenfe fums to conftrucr. the neceflary furnace's 
to work an ore whofe exiftence was doubtful. When the pro- 
ceedings, in an undertaking of this kind, are carried on with 
proper precaution, and no more expenfe is entered into than 
what the ore extracted, and of a known value, is capable of rep- 
refenting, the probable Ipfles are very flight, even in the poorcft 
mine. 

The works ought to be varied according to the nature and 
ftate of the mineral. It is found in three dates— i . In the form 
of a native metal : in this cafe nothing more is neceflary than 
to extraa it out of the mine, to clear it of the extraneous fub- 
ftances, and to fufe it. 2. In the form of calx or oxide ; and 
in this ftate it is fuflicient if it be forted and fufed. 3. Combin- 
ed with fulphur or arfenick, in which cafe it muft be made to 
undergo fome other operations. 

Although in thislaft cafe, the work?, fubfequent to the extrac- 
tion, vary according to the nature of the ore, there are never- 
thelefs certain general operations, to which every kind cf ore is 
fubjeaed, which we fhall here fpeak of. 

The metal is always mixed with ftony fubftances, which are 
called the Gangue. The fir ft bufinefs muft therefore be to clear 
the metal of this foreign fubftance. For this purpofe, when 
the ore is extraded, children are employed who examine it, and 
ieparate the pure ore or rich mineral from that which is mixed 
with the gangue. As in this fecond quality the ftone is mixed 
with the ore, the whole is pulverized by means of a ftampino- 
mill, confiding of peftles of wood, fhod with iron, and armed 
with cocks, which are raifed by levers proceeding from the axis 
of a wheel that conftantly returns. The mineral is by this 
means crufhed and pulverized ; and a ftream of water which is 
made to pafs over it, carries away both the metallick and ftony 
particles ; the former being depolited in the firft veflels through 
which the water is made to circulate, while the latter or ftony 
part is carried to a greater diftance on account of its lightnefs 

This pulverized ore is called Sclich ; and, in order to feparate 
::!! the earthy parts, it is wafted upon tables flightly inclined 
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.over Which a conftant dream of water is made to flow. 1«e 
'fclich is agitated with brooms ; the water carries away all the. 
fragments of (tone, and leaves the pure ore upon the table. 

The calcination of the mineral fucceeds the wafhing. In tr.'.s 
operation the mineralizer is carried off. Fire is always the agent 
made ufe of. Sometimes the pounded mineral is difpofed \\\ 
piles upon heaps of wood, which, being fet on fire, heat the 
ore itrongly, and drive off the mineralizer. This calcination 
poiTefT'es the double advantage of difpofing the metal for fufion, 
as well as clearing it of the mineralizing fubftance. When the 
ore is more friable it is fpread out in a reverberatory furnace ; 
and the flame which reverberates upon it deprives it of itsmm- 
eralizer, at the fame time that it partly fufes it. 

Mr. Exchaquet has propofed to deftroy the fulphur by nitre. 
This procefs is excellent for copper ores. The quantity of nitre 
^varies according to the quantity of fulphur ; but there is no dan- 
ger of adding too much. In this operation the mixture is 
thrown into an ignited crucible, and kept at a moderate heat for 
fome minutes. 

The fufion is effected in furnaces, excited by a current of air, 
kept up by means of large bellows, cr a machine called a 
trempe. 

The trotrtpe,or blowing machine,* is formed of a hollow tree 
which refts upon a cafk whofe lower head is knocked out, and 
the open part of the cafk itfelf plunged to a certain depth un- 
der water. A current of water is made -to fall through this 
wooden trunk upon a ftone which is ere-ited in the middle of the 
cafk. The air becomes difengaged, and is obliged to pafs out at 
a collateral aperture in the cafk, by means of a tube which 
carries it to the lower part of the furnace. This air is afforded 
-=— i. By that air which the water carries along with it. 2. By 
a current which pafies through apertures made at the difhince 
•of fix feet, from the fummit of the tree, and Called trompilles. 

The dimenfionsof a good trempe are the following : 

Length of the tree or wooden trunk, from its fummit to the 
fide apertures or trompilles, fix feet. 

Length of the tree from the trompilles to the cafk, eighteen 
feet. 

Height of the cafk, five feet. 

Diameter of the cafk, four feet fix inches, 

* I do not find in Lewis's Commerce of Aits, where this fubjedl 
well treated, that the Englifh have called this machine by any apprcrn:- 
name. T. 
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The form of the internal part of the trunk above the from-- 
pilles is that of a funnel, whofe fuperiour opening is eighteen 
inches, and its inferiour diameter five. 

The diameter of the cavity of the tree, below the trompilies, 
is eighteen inches. 

The diameter of the trompillesis fix inches. 

The (tone upon which the water falls is eighteen inches in di- 
ameter. 

When the mineral is once cleared of its ganguc, its mineral- 
her, and all other foreign matter, it conftitutes what is called 3 
metal, or regulus. 

Every fad appears to prove that metals are fimple fubftances y 
the various alterations to which they are fubjecled, being combi- 
nations of the metal itfelf with other fubftances. None of thefe' 
operations either difengage or feparate any conititucnt part of the 
metal itfelf, as we (ball fee. 

Every metal is fufed at a certain degree of heat, more or left 
intenfe ; and in this ntuation their furface is convex. 

Mcflrs. Maequer and Lavoifier having expofed gold to the fo- 
cus of the lens of Tfchirnhaufcn, obferved that this metal exhal- 
ed in fumes, without being decompofed ; as was proved by col- 
lecYmgit unaltered upon prefenting a plate of filver, which be- 
came gilt. _ Silver is volatilized in the fame manner without 
decompofition. 

Metals fufed,.and cooled llowly, exhibit tnyftailizations of con- 
f ierabie regularity. The abbe Mongez, and Mr. Brogaiarf, 
-tave fucceeded in cryftallizing moft of them, by varying the 
prpcefs ufed by the celebrated Roulle in the cryftallization of 
iulphur. 

Moft metals kept in a ftate of fufion lofe their' metaj lick bril- 
liancy, and become converted into an opaque powder called Ox- 
ide, orMetallick Calx. The oxides, when urged by a (tron-rer 
fteat, are reduced into a vitriform fubftance, known bv the name 
of Metallick Glafs, 
^ Metals acquire weight in their tranfition to the ftatc of oxide. 

is circumftance has led feveral adepts into errour, who im-- 
d they had increafed the weight of the metal. 

Geber obferves,. « Ubi vel minimum augraenti metaliici in- 

veneris, ibi te decimus efTe ante fares philofcphorum." «£t 

hue conveniens judicium elt," adds Becher ; " idenim per quod 
eorpus homogeneum augmentum capit, id ipfum eft quod pro 
principio iltius corporis habei i __p; v /f. Subt. 

Stahl pretended that the calcination of metuls arofe from the 

ngagement of phlogifton ; and he oonlidcrod thsir e.ilccs as 
an curb, or metallick- bafis. 
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Boyle affirmed that the iscreafe of weight in calcined' metals 
was owing to the combination of matter of fire ; and Boerhaave 
ventured to attribute it to the furrounding bodies, which depofit- 
ed themfeivea upon the meral. Of all the hypothefes which 
have been formed upon this fubject, that of Stahl has met with 
the greateft number of fupporters : and the blind zeal of his fol- 
lowers has carried them fo far as even to difguife an unanfwera- 
ble objection ; namely, that it can never be explained how met- 
als, by- the lofs of one principle, at the fame time that they do 
not acquire another, can become heavier. The reduction of 
the oxides or metallick calces, without any addition of the char- 
coal, cannot be explained on thishypothefis. 

It mult be confeded that all chemilts were not of this way of 
thinking: and we find in the writings- of Jean Rey, a Phyfician 
of Perigord, that he, in the year 1630, attributed the increafe 
of weight in calcined metals to the combinatioffof air with the 
metal. He affirms that agitation facilitates this combination in 
no other manner than water renders the fand heavy which is 
thrown and agitated in that fluid. 

He reafons like a chemift of confiderable lie ill, to prove that < 
the increafe of weight cannot be carried beyond a point of fatu- 
ration •, and he concludes his obfervations in thefe words : Le 
travail a cte mien ,■ le profit en foit an leclear, ct a Dieu Jeul la 
gloire — " Mine has been the labour ; let the reader enjoy the 
advantage, and to God alone be the glory."* 

All thefe feveral Sketches were never formed into a connected 
fyftem ; and this doctrine was even completely unknown, when 
Mr. Lavoifier proved to us that the calcination of metals was - 
owing merely to the fixation of oxigenous gis, and their reduc- 
tion to the difengag'ement of this gas, effected by fimple heat, or 
by its combination with various bafes in fuch inftances wherein' 
its adhefion to the metal is too ftrong to be overcome by mere 
heat. The proofs upon which this celebrated chemift has eftab- 
lifhcd his opinion, are the following facts. 

1. Metals are not oxided either in a vacuum, or in air which 
contains no part of oxigenous gas. The Count Mcozzo, Prieft- 
ley, Larnetherie, and Piclet appear to have oxided lead, tin, and- 
mercury in the carbonick acid. See the Memoir of Mr. Senne- 
b-ier, Journal de Phyfique, Fevrier, 1787. — But this pretended 
oxide is nothing but a metallick carbonate, or the combination 

* This is the fa • y, who, being under the necellity of contra- 

dicting ory ( I the calcination of metals, ex- 

claims — " O truth, how dear art thou to me ! fince it is in thy power to 
contefl wit!) fo I ad" 
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of a metal with an acid, which is very far from calcination or 
oxidation. 

2. Metals inclofed under a glafs, and properly heated, are ox- 
ided only by abforbing the oxigenous gas contained in the mafs 
of air which is infulated ; and when this abforption is ended, it 
is impoflible to carry the oxidation any further. 

3. Metals oxided in an atmofphere of oxigenous gas abforb it 
to the laft drop. 

4. Such oxided metals as are capable of being reduced in clo- 
fed veffels, give out, on their return to the metallick ftate, the 
fame quantity of oxigenous gas as they had before abforbed. 

This doctrine appears to me to be eftablifhed on the raoft 
complete feries of proofs which can be defired in matters ca- 
pable of demonftation. 

The concurrence of air and of humidity fihgularly aflifts the 
alteration of metals. The water is decompofed in this procefs, 
and its hydrogene is diffipated, while its oxigene combines with 
the metal. This is doubtlefs the theory of fuch oxidations as are 
effected beneath the furface of water ; and when we find 
Oxides, or metallick calces, in the bowels of the earth, defended 
from the contact of air, the facts ought to be referred only to 
the decompofition of water, or of acids which have oxigene for 
their bafe. 

Hence it follows that the alteration of a metal will be the 
more fpeedy— 1. In proportion as the affinity of the metal to 
oxigenous gas is ftronger. 2. As the quantity of oxigenous gas 
is greater. 3. As the air is more humid, &c. Metals decom- 
pose certain fubftances in order to unite with their oxigene, and 
by that means to pafs to the ftate of oxide. This is obferva- 
ble when the nitrick acid is digefted upon certain metals. 

Metallick fubftances being confiderably numerous, it is necef- 
fary to clafs them, that we may bring together fuch as poffefs 
fimilar properties, and feparate others which differ from them. 

Ductility ferves as a leading character. Metals may be dif- 
tinguifhed into fuch as are ductile, and fuch as do not poffefs 
this property. The name of Metal has been peculiarly applied 
to the former, and that of Semi-Metal to the latter kind. 

Among the metals there are fome which are changeable by 
expofure to air, while others are not fenfibly altered in the fame 
fituation. This difference has caufed a fubdivifion of the metals 
into perfect and imperfect metals. 

We fhall begin by treating of the femi-metals, becaufe for 

the mod part they approach to the faline or ftony fubftances in, 

their qualities ; and we fhall conclude with the perfect metals, 

becaufe they poffefs the metallick qualities in a higher degree. 

2...M 
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CHAPTER I. 
Concerning Arfenick. 

THE fubfUnce which is fold in commerce under the name 
of arfenick, is a metallick oxide of a glittering whitenefs, fome- 
times of a vitreous appearance •, exciting an imprellion of an ac- 
rid tafte on the tongue ; volatile when expofed to fire, in which 
fituation it rifes in the form of a white fume, with a very evi- 
dent fmell of garlick. 

Although arfenick is molt commonly met with under this form* 
it may be reduced to the metallick ftate by treating it with oils,. 
foaps, or charcoal in clofed veflels. The celebrated Becher was 
perfectly acquainted with this procefs — " Si oleum, vel quod- 
cunque pingue, arfenico mifceas, et per retortam diftilles urgen- 
ti igne, fublimabitur in collum arfenicum, infignitur antimonii 
inftar metallizatum." — The arfenick which fublimes is of a bril- 
liant grey colour, refembling fteel, but it fpeedily becomes black 
in the air : it forms cryftals, which Mr. De Lifle confiders as 
aluminiform octahedrons. 

Arfenick is fometimes found native ; and it is met with in 
ftaladtites, or in protuberant depofitions formed of layers more 
or lefs diltindt and concentrick, which are feparable from each 
other like the coats of an onion, or the laminae of (hells, from 
which it has obtained the name of teftaceous arfenick. In other 
inftances the maifes are formed of very fmall fcales •, which 
renders the furface of the fpecimen fometimes granulated, and, 
fometimes full of fmall cavities : it is then called fcaly arfenick. 
Arfenick is alfo found in friable mafies, poflefling fcarcely any 
confidence. In thefe various forms we receive it from Bohemia, 
Hungary, Saxony, Saint Marie aux Mines, &c. 

Arfenick is volatilized by an heat of about 144 degrees of 
Reaumur. In order to fet fire to this metal, it muft be thrown 
into a crucible ftrongly ignited j and then it exhibits a blue flame, 
and rifes in the form of a white oxide. 

If it be fublimed by a gentle heat, it cryftallizes in trihedral 
pyramids or in octahedrons. 

Arfenick is not foluble in water. Its fpecifick gravity is 
-7633, according to Briflbn. Its fracture refembles that of 
iteel, but it eafily tarnilhes. 

Arfenick appears to exift in the metallick (late in its combi- 
nations with cobalt in the teitaceous cobalt ore, t>r with iron in 
roifpickel, according to the obfervation of Bergmann. 
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Arfenick unites by fufion with mod of the metals ; but thofe 
-which were ductile before this addition, become brittle after- 
wards. Thofe which are of difficult fufion alone flow more 
-eafily by heat with the addition of arfenick, and thofe which 
are very fufible become refractory by the fame addition. The 
yellow or red metals become white with this alloy. 

Arfenick is often combined with metals in various ores, and 
is difengaged from them by calcination. In various mine works, 
long winding chimneys are constructed, through which the 
arfenical vapours pafs, and in which they attach themfelves. 
The cruft which is formed in procefs of time againft the intern- 
al furface of thefe chimneys is taken away, and is the fubftance 
•met with in commeree under the name of arfenick. The co- 
balt ores of Saxony, which are torrefied to feparate this femU 
metal, afford almoft the whole of what is fold. This oxide of 
Arfenick is fometimes native, and has been found in Saxony and 
-Bohemia. It is very abundant in fuch places as are fituated in 
the vicinity of fubterranean fires, fuch as the Solfatara. It is 
often found cryftallized in octahedrons, according to Mr. Sage. 

The oxide is lefs volatile than the metal itfelf; and, as we 
have before obferved, it emits a very evident fmell of garlick, 
if it be fublimed by a ftrong fire in clofed veffels, it becomes 
•tranfparent like glafs ; but its furface is foon rendered opaque 
again by expofure to air. It is not rare to find arfenical glafs 
in the arfenick of commerce : it is yellowifh, and foon lofes its 
tranfparency by expofure to air. This glafs is fometimes found 
-native in the cobalt mines, and among volcanick products. 

Eighty parts of diftilled water, at the temperature of twelve 
degrees, are required to diffolve one part of the oxide of arfen- 
ick -, but fifteen are fufficient at the boiling heat. 

'One part of arfenick is foluble in between feventy and eighty 
parts of alcohol at the boiling heat. 

The oxide of arfenick partakes therefore of the properties of 
faline fubftances, and differs from the other metallick oxides— 
•1. Becaufe it is perfe€lly foluble in water. 2. Becaufe the oth- 
er metallick oxides are without fmell, and fixed in the fire. 3. 
.Becaufe thofe oxides do not contract any union with metals. 

On the other hand it refembles the metaliick oxides — 1. In 
becoming converted into a metallick glafs by a ftrong heat. 2. 
In forming an opaque infoluble fubftance, pofleffing the metal- 
lick brilliancy when deprived of oxigene. 

The oxide of arfenick is capable of combining with fulphur..; 
and the refult is either orpiment or realgar, according to the 

nner of operating. 
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Moft chemifls have a notion that the realgar contains mori 
fulphur than the orpiment; and they have prefcribed different 
proportions to form thefe two fubftances. But it has been prov- 
ed by Mr. Bucquet, that this difference of colour arifes only 
from the manner of applying the fire ; nothing more being ne~ 
ceffary to convert orpiment into realgar, than the expofing it to a 
ftrong heat : and with the fame mixture we may at pleafure ob- 
tain either of thefe produces, according to the manner of apply- 
ing the heat. 

Orpiment and realgar are found native in certain places ; Lin- 
naeus, Wallerius, Bergmann, and Cronftedt have defcribed them. 

Cryftals of realgar are found in Solfatara near Naples, accord- 
ing to Ferber ; in the mines of Nagyag in Tranfylvania (fee. 
Forfter's Catalogue ;) in the mines of Felfobanya in Upper Hun- 
gary •, in thofe of Joachimftal in Bohemia, and of Marienburg 
an Saxony. 

Realgar is common in China ; it is made into vafes, pagods, 
and other ornamental works. The Indians make ufe of thefe 
veffels to procure a purgative medicine ; for this purpofe they 
leave vinegar or lemon juice for feveral hours in the veffel, and 
afterwards drink it. 

Realgar is commonly fpund in the waters of volcanoes. I have 
almoft always obferved it in compreffed hexahedral prifms, ter- 
minating in two tetrahedral fummits. 

Orpiment is lefs fcarce than the realgar. It almolt always ac- 
companies this fubftance \ but the orpiment of commerce comes 
to us from various countries up the Levant, in irregular maffes, 
iblid or lamellated, and of a beautiful orange yellow. The 
Baron de Born informs us that it is met with, in polyhedral cryf- 
tals, in a bluifh clay near Newfolin Hungary. 

Lime and the alkalis decompofe thefe two fubftances, and 
difengage the oxide of arfenick. 

The acids and the alkalis exhibit interefting phenomena with 
arfenick. 

The fulphurick acid, when boiled on the oxide of arfenick^ 
attacks and diffolves it ; but this oxide is precipitated by cool- 
ing. If the whole of the acid be diffipated by a ftrong heat, the 
arfenical acid remains behind. 

The nitrick acid, aflifted by heat, diffolves the oxide of arfen- 
ick, and forms a deliquefcent fait, of which we fliall prefently 
treat. 

The muriatick acid attacks arfenick very feebly. Meffrs. 
JBayen and Charlard found its action very weak whether heate4 
pi gooled. 
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In order to form the fublimed muriate of arfenick, or butter 
of arfenick, equal parts of orpiment and corrofive fublimate of 
mercury are mixed together. The mixture is diftilled by a gen- 
tle heat ; and the receiver is found to contain a blackifh corro- 
five liquor, which forms the fublimed muriate of arfenick. Cin- 
nabar comes over if the heat be increafed, according to the ob- 
fervation of Mr. Sage. 

If pure pot-afh be boiled on the oxide of arfenick, the alkali 
becomes brown, gradually thickens, and at laft forms a hard 
brittle mafs. This arfenical fait of Mr. Macquer is deliquef- 
cent. It is fcluble in water, which lets fall brown flocks. It*s 
decompofed by fire, and the arfenick efcapes. Acids deprive it 
of its alkali, &c. 

Soda exhibits phenomena nearly fimilar with this oxide ; and 
Mr. Matquer even affirms that he obtained this fait in cryftals. 

I have proved that ammoniack diflblves the oxide of arfenick 
by heat ; and I have feveral times obtained cryftals of arfenick 
by fpontaneous evaporation. I am even of opinio* that the al- 
Kali is decompofed in thefe circumftances, that the nitrogene is 
diflipated, while the hydrogene unites with the oxigene of the 
oxide, and forms water. 

The oxide of arfenick haftens the vitrification of all the earths ; 
but the glafles into which it enters as a component part, have 
the property of eafiiy becoming tarnifhed. 

Equal parts of nitre and oxide of arfenick, diftilled in a retort, 
afford a very red and almoft incoercible nitrick acid. Stahl and 
Kunckei obtained it by a procefs nearly fimilar. Macquer hav- 
ing refumed this work, carefully examined the refidue in the re- 
tort, and found that it was a fait foluble in water, capable of 
cryftailizing in tetrahedral prifms terminated by four-fided pyra- 
mids, unalterable in the air, fufible by a moderate heat, but with- 
out becoming alkalized. Mr. Macquer called it the neutral ar- 
fenical fait : he fuppofed that no acid could decompofe it. But 
Mr. Pelletier proved that the fulphurick, when diftilled with it, 
diflengaged its acid. 

The arfeniate of foda, differs little from the arfeniate of pot- 
afh. Mr. Pelletier obtained this fait cryftailized in hexahedral 
prifms, terminated by planes perpendicular to their axes. 

By thefe feveral experiments, Mr. Macquer had fhewn that 
arfenick anfwered the purpofe of an acid in thefe combinations. 
There remained only one ftep therefore to be made, to prove that 
it was really metamorphofed into an acid in thefe feveral ope- 
rations ; and it is to the celebrated Scheele that we are indebt- 
ed for this difcovery. His capita! experiments upon manganefe 
naturally led him to it. 
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He lias given us two proceffes to obtain this arfenical acid ^ 
the firft by means of the oxigenated muriatick acid, and the oth- 
er by the nitrick acid. Thefe acids are diftilled from the oxide 
of arfenick : the muriatick acid abandons its oxigene to the ox- 
ide of arfenick, and refumes the characters of the ordinary mu- 
riatick acid. The nitrick acid is itfelf decompofed ; and one 
of its principles is diffipated, while the other is fixed and com- 
bines with the arfenical oxide. 

This acid is at prefent obtained by diftilling fix parts of nitrick 
acid from one of oxide of arfenick. 

Mr. Pelletier likewife propofes to decompofe the nitrate of 
ammoniack by the oxide of arfenick. The refidue in the retort 
is the arfeniate of ammoniack, from which the alkali may be 
driven by a fire long kept up. The refidue is a vitreous mafs, 
ilrongly attracting humidity, and falling into deliquium. It is 
the pure arfenical acid. 

Mr. Pelletier has likewife decompofed the neutral arfenical 
fait, by mixing it with half a part of oil of vitriol, and urging the 
fire to fuch a degree as to ignite the vefTels. The refidue at the 
bottom of the retort is a white mafs, which attracts humidity, 
and is the arfenical acid. A white powder is obfervable, which 
is found to be the fulphate of pot-afh or of foda, accordingly as 
the arfenical fait has foda or pot-afh for its bafis. 

■From the various proceffes made ufe of to form the arfenical 
acid, it is evident that this fubftance is nothing but the arfenical 
oxide, faturated with the oxigene which it takes from the various 
bodies digefted upon it. The nitrick acid, or the nitrates ufed 
for this purpofe, are decompofed ; the nitrous gas paiTes over 
very abundantly, and the oxigene remains mixed and united with 
•the oxide of arfenick. 

This acid poffeffes the concrete form ; but it attracts the hu- 
midity of the air, and becomes refolved into a fluid. 

It is fixed in the fire ; but if it be heated in contact with 2 
.coaly fubftance, it is decompofed, and the oxide exhales in the 
form of fumes. It is reduced into arfenick, according to Mr. 
Pellettier, by paffing hydrogenous gas through it. 

At the temperature of twelve degrees of the thermometer of 
Reaumur, this acid requires only two thirds of its weight of wa- 
ter to diffolve it ; whereas one part of the oxide of arfenick re- 
quires twenty-four of water to diffolve it at the fame tempera- 
ture. 

This acid, when difTolved in water may be again concentrated, 
and carried to the ftate of a tranfparent glafs without any alter- 
ation ; for it is not by this treatment deprived of its power of at* 
tracking humidity from the air. 
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When it is in this ftate of concentration, it a&s ftrongly oa 
the crucible, and diffolves the alumine, according to Mr. Ber- 
thollet's experiments. 

The arfenical acid, faturated with ammoniack, and duly evap- 
orated, forms a fait cryftallized in rhomboids which, when urg- 
ed by heat, lofes its water of cryftallization, next its alkali, and 
is refolved into a vitreous mafs. 

Barytes and magnefia appear likewife to have a ftronger affini- 
ty with this acid than the alkalis, according to Bergmann. Lime 
decompofes the neutral falts with bafc of alkali, according to the 
experiments of the fame chemifi. 

Arfenick is ufed by the dyers ; it is likewife ufed as a flux in 
glafs-houfes, and in docimaftick works ; it alfo enters as a com- 
ponent part into fome glazes. Orpiment and realgar are very 
much ufed by painters - r but arfenick is one of thofe productions 
whofe advantages are not fufficient to compenfate for its bad 
effects. This metal, which is very abundant, and very frequent- 
ly met with in mines, caufes the deftruclion of a number of 
workmen who explore them : being very volatile, it forms a duft 
which affects and deftroys the lungs ; and the unhappy miners, 
after a languifhing life of a few years, all perifh, fooner or later. 
The property which itpoffeffes of being foluble in water,multiplies 
and facilitates its deltruttive power ; and it ought to be profcrib- 
ed in commerce, by the firict law which prohibits the fale of 
poifon to unknown perfons. Arfenick is every day the inftru- 
ment by which victims are facrihced, either by the hand of 
wickednefs or imprudence. It is often miftaken for fugar ; and 
thefe miftakes are attended with the molt dreadful confequences. 
Whenever there is the lead reafon to fufpect its pretence, the 
doubt may be cleared up by throwing a fma.ll quantity of the 
powder upon heated coals. The finell of garlick, and the white 
fumes, are indications of the prefence of arfenick. The fymo- 
toms which characterize this poifon are, a great conftriction of 
the throat, the teeth feton edge, and the mouth ftrongly heated ; 
an involuntary fpitting, with extreme pains in the Itomach ; 
vomiting of glabrous and bloody matter, with cold fvveats and 
convulfions. 

Mucilaginous drinks have been long ago given to perfons 
poifoned by arfenick. Milk, fat oils, butter, &c. have been fuc~ 
cefTively employed. Mr. Navier has propofed a more direcf 
counterpoifon. He prefcribes one dram (gros) of fulphure of 
pot-afh, or liver of fulphur to be duTolved in a pint of water 
which the patient is directed to drink at feveral draughts : the 
fulphure unites to the arfenick, and deftroys its cauiticky and 



238 



XsJjJM. 



effect. When thefe firfl fymptoms are ditfipated, he advifes the 
ufe of mineral fulphureous waters. He likewife approves of 
milk, but condemns the ufe of oils. Vinegar, which diflblves 
arfenick, has been iikewife recommended by Mr. Sage. 



CHAPTER It 

Concerning Cobalt. 

COBALT was employed by artifts to give a blue col- 
our to glafs, long before it was fuppofed to contain a femi-metal. 
We are indebted to Brandt, a celebrated Swedifh mineralogift, 
for the knowledge of its properties, and metallick character. 

The fpecifick gravity of fufed cobalt is 78 1 19. See BrifTon. 

Cobalt is combined in the bowels of the earth with fulphur, 
arfenick, and other metallick fubltances. 

1. The arfenical cobalt ore is of a grey colour more or lefs 
deep, dull in its fracture, and becoming black on expofure to 
the air, in confequence of an alteration in its arfenical part. 

This ore of cobalt cryftallizes in fmooth cubes, and affects 
feveral varieties. 1 have a piece which has the form of tetrahe- 
dral pyramids, joined bale to bafe. This fpecies of cobalt fome - 
times affects a confufed cryftallization in dendrites, and is then 
called Knit-cobalt ore. Sometimes it is found in protuberances* 
ftalactites, &c. 

2. The fulphureous ore of cobalt refembles the grey filver ore 
in its texture : it contains iron and filver ; and efRorefces of a 
lilack colour, mixed with a yellowifh green. — -Sage, Annal. 
Chem. t. ii. 

Mr. De Lifle pofiefles fpecirrtens of this kind, which came 
from the mine of Batnaes at Riddarhyttan. 

3. Cobalt is mineralized by fulphur and arfenick, in the mine 
of Tunaburg in Sundermania. 

The cryftallization of this fpecies is a cube flriated on its fix 
faces, and commonly truncated more or lefs deeply on its edges. 

This ore contains, according to Mr. Sage, fifty- five pounds of 
arfenick, eight of fulphur, two of iron, and thirty-five of cobalt. 

4. The ores of cobalt are fometimes in efflorefcence ; and 
the fulphureous ore forms by its decompofition the falphate of 
cobalt. 

The fulphure of cobalt, and the arfenical cobalt ore, pafs to 
the (late of oxide in their decompofition •, and the furface be- 
comes covered with a colour of peach flowers, more or lefs in- 
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tenfe. It is fometimes coloured with an efflorefcence in the 
figure of ftars formed by radii applied to each other collaterally, 
and all tending to a common centre. This is an indiftinct cryf- 
tallization, in which Mr. De Lille thinks he obferved tetrahedral 
prifms terminated by dihedral fummits. The flowers of cobalt 
are frequently a mere powder, more or lefs coloured. Thofe 
ores which are in a ftate of complete decompofition are called 
Soft or Earthy cobalt ores. 

To afiay an ore of cobalt, the firft procefs is torrefaclion. 
Two hundred grains are afterwards fufed with an ounce and 
an half black flux. Mr. Sage is confident that more metal is ob- 
tained by mixing the oxide of cobalt with two parts of white 
glafs, and a fmall quantity of coal. 

When cobalt is mixed with bifmuth and iron, its oxide muft 
be diftilled with equal parts of the muriate of ammoniack, until 
the fait which fublimes in the neck of the retort has acquired 
a green tinge. Mr. Sage, who gives us this procefs, obferves 
that feven or eight fublimations are fometimes neccflary to de- 
prive the cobalt of all the iron and bifmuth which it contains. 

Cobalt is of a light grey colour, compact and brittle. It is not 
eafily fufed, is not volatile, refills cupellation, and refufes to 
amalgamate with mercury. 

The working of cobalt ores is very fimple. It confifts in 
foafting the ore in a reverberatory furnace terminating in a long 
chimney, into which the vapours are received. Thefe vapours, 
or arfenical fumes, attach themfelves to the fides, and form a 
cruft, which is cleared off by criminals, who are condemned to 
this work for crimes that by the law deferve death. The cobalt 
ores of Saxony afford all the arfenick of commerce. When the 
oxide of cobalt is cleared of arfenick, it is known by the name 
of Zaffer. The zaffer of commerce is mixed with three fourths 
of fand. This oxide, fufed with three parts of fand, and one of 
pot-afh, forms a blue glafs, which, when pounded, fifted, and 
afterwards ground in mills, included in large cafks, forms Smalt. 
In order to obtain the blue of various degrees of finenefs, the 
fmalt is agitated in cafks filled with water, and pierced with 
three openings at different heights. The water of the upper 
cock carries out the lighted blue, which is called Azure of the 
Firft Fire : the heavier particles fall more fpeedily j and the 
azure brought out by the water of the three cocks, forms the 
different degrees of finenefs, known under the names of Azure 
of the Firft, Second, and Third Fire. 

Bohemia and Saxony have hitherto poffeffed the exclufive 
power of fupplying us with thefe products. A defcription of 
thefe capital works may be feen in the mineralogical productions 
2...N 
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©f Meflrs. Jars. The works of Saxony have been fupplied, for 
feveral years, by the cobalt ore difcovered in the Pyrenean 
Mountains, in the valley of Gilten. But the Comte de Beuft ha3 
formed eftablifhments which fecure to us the benefit of this- 
commerce ; and he has even been fo fortunate as to find, near 
the village of Juget, a quartz fufficiently charged with cobalt to 
admit of being fufed without any addition of colouring matter. 

The eftablifhment of the Comte de Beuit is capable of manu- 
facturing fix thoufand quintals of azure, or enamel blue ; and is- 
able not only to fupply our own wants, but to enter into compe- 
tition with the works of Saxony for the foreign trade.* 

He has likewife, in concert with the Baron Dietrich, difcov<- 
ered the procefs of making powder blue ; a fecret which was 
exclufively in the poflefFion of the Hollanders till the prefent 
time. 

Smalts are ufed in the preparation of cloths, laces, linena, 
xmiflins, thread, &c. 

The azures are mixed with flarch, and form the blue fo well 
inown and univerfally ufed by laundrefies. 

It is likewife employed in forming blue paintings on fayence, 
porcelain, and other potteries •, eryftals and glafies are coloured 
blue by this fubftance ; and it is alfo ufed in painting in frefco. 

The coarfeft blues are ufed by the confectioners and others, 
in the way of ornament •, and in Germany they are ufed as fand 
for writing-paper. 

The confumption of fmalt, azure, blue fands, and zafFers, in 
the kingdom of France only, is eftimated at four thoufand quin- 
tals, which are fold from feventy-two to fix hundred livres the 
quintal. 

Cobalt is foluble in the acids. 

One part of this metal, diftilled with four parts of fulphurick 
acid, affords the fulphureous acid ; and the refidue in the retort 
is the fulphate of cobalt, foluble in water, and capable of cryf- 
tallizing in tetrahedral rhomboidal eryftals, terminating in a 
dihedral fummit. 

Barytes, magnefia, lime, and alkalis decompofe this fait, and 
precipitate the cobalt in the form of oxide. 

One hundred grains of cobalt difTolved in the fulphurick acid r 
and precipitated by foda, afford one 1 undred and forty grains of 
precipitate, and one hundred and fixty when precipitated by 
chalk. 

* A defcription of the works of the Comte de Beuft may be feen in 
the Defcription des Cites des Minerals , des Forgesy et das Salins des Py- 
renees, par M- k Bar o;i de Dietrich. 
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The nitrick acid diffolves cobalt with effervefcence. The fo- 
lution affords cryftals in needles, which have not been ftriclly 
examined. This fait is deliquefcent, boils on the coals without 
detonating, and leaves a deep red calx. I have feen this fait in 
very ihort beautiful hexahedral pyramids. It decrepitates and 
fufes on charcoal. 

The muriatick acid does not diffolve cobalt in the cold, but by 
the affiftance of heat it diffolves a portion of it. This acid acts 
more effectually upon the zaffer, and the folution is of a very 
fine green, and when diluted with water corrftitutes a very fin- 
gular fympathetick ink ; for it paffes from a lilack, or violet col- 
our, to purple, green, and black. 

The nitro-muriatick acid likewife diffolves cobalt, and forms 
the fympathetick ink, which Hellot has called the Ink of Bifmuth. 

Ammoniack likewife diffolves zaffer, and produces a liquor 
©f a beautiful red colour. 



CHAPTER Hi. 

Concerning Nickel. 

HYERNE appears to have been the firft who treated of nick- 
el, under the name of Kupfernickel, in 1 794, in a work on 
minerals. 

Henckel confidered it as a fpecies of cobalt, or arfenick 
mixed with copper. 

Cramer has likewife placed it among the ores of copper ; and 
it was not until the year 1 75 1, that Cronftedt obtained a new 
iemi-metal from this pretended mixture. 

Kupfernickel is found not only in the German diftricls, but 
likewife in Dauphiny and in the Pyrenean Mountains. In dig- 
ging out a calcareous ftone for building, at Bareges, and oppo- 
site St. Sauveur, fmall veins and lumps of nickel were found in 
the calcareous fpar, fome parts of which were reduced to the 
ftate of green oxide. Mr. Sage, who analyfed that of Biber in, 
Heffe, and that of Allemont, found it to contain gold. 

In order to obtain nickel from its ore, it muft firft be torrefied 
to difengage the arfenick ; and the oxide muft then be fufed 
with three parts of black flux, and a fmall quantity of coal. 
This metal is of a reddifh grey colour. 

The fpecifick gravity of fufed nickel is 7,8070. Briffon. 

As it is very difficult to drive off all the arfenick by a previ- 
ous torrefaclion, the metal, when urged by a violent fire, ftill 
puffers arfenick to efcape. 
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The methods pointed out by Bergmann and Arvidfon to pu- 
rify nickel, confi ft in repeated calcinations and reductions ; but 
thefe operations feparate the arfenick only ; and Bergmann ad- 
mits that he did not fucceed in completely depriving it of its i- 
ron, though he treated it by every fuitable method. He feems 
difpofed to confiderit as a modification of iron. 

The DifTertation of Bergmann De Nicolo, Opufcula, t. ii. 
man be confulted on the nature of this metal ; and alfo the A- 
mlyfe Chimique of Mr. Sage, &c. 

The fulphurick acid diftilled upon nickel affords fulphureous 
acid, and leaves a greyifh refidue, which, when diffolved in wai- 
ter, communicates to it a green colour. 

The fulphate of nickel efflorefces in the ait. 

Nickel is attacked very ftrongly by the nitrick acid. 

The folution, when evaporated, affords cryftals of a beautiful 
green, in rhomboidal cubes. 

The nitrick acid likewife diflblves the oxide of nickel, and 
forms with it deliquefcent cryftals of a fine emerald green, and 
of a rhomboidal form, according to Bergmann. 

The muriatick acid diflblves nickel when heated. The folu- 
tion produces cryftajs of the molt beautiful emerald green, and 
of the figure of long rhomboidal octahedrons. 

Cronftedt has taught us that nickel combines with fulphur 
by fufion, and that the refult is a hard yellow mineral, with, 
fmall brilliant facets. The fame chemift diflblved this laft met- 
al in the fulphure of pot-afh, and form ed a compound refenv 
bling the yellow copper ores. 

Nickel does not amalgamate with mercury. 



CHAPTER IV. 

Concerning Bifmuth. 

BISMUTH, or tin-glafs, is a femi-metal of a mining yellow- 
ifh white, difpofed in plates and chatoyant. It has fome analo- 
gy with lead ; and, like that metal, it pafTes off on the cupel, 
carrying the bafer metals along with it. 

The fpecifick gravity of fufed bifmuth is 9,8227. — See Brif- 
fon. 

Bifmuth is the molt eafily fufed of all the femi-metals, after 
(in. It requires only the 200th degree of heat. 

It is found in various ftates in the bowels of the earth, either 
native, or combined with fulphur, arfenick, or oxigene. 
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r. Native bifmuth is fometimes cryftallized in cubes: Walle- 
rius and Cronftedt found it in this form in the mines of Schnee?- 
burg in Saxony. Thefe cryftals often re-unite in the form of 
dendrites, in the fpathofe or quartzofe gangues. Native bif- 
muth is found in mafTes, covered with protuberances refembhng 
ftalactites. 

Native bifmuth is. frequently altered by a flight decompofi- 
tion of its metal ick furface. 

The native bifmuth of Saxony is fometimes irifed, and mixed 
with arfenick : it has a reddifh jafper for its gangue. 

2. Arfenical bifmuth is of a whitifh and brilliant grey colour. 
This ore is fometimes covered with an ochre of bifmuth, and 
often contains cobalt. I have feen pieces of arfenical bifmuth, 
from Schneeburg, in the form of dendrites on a gangue of 
jafper. 

3. We are indebted to Mr. Cronftedt for the knowledge 
of a fulphureous ore of bifmuth. That which he has defcribed 
is of a bluifh brilliant grey colour. 

This fpecies frequently poflefies the lamellated texture of the 
large plated galena, which has caufed Linnaeus, "Wallerius, and 
and others, to give it the name of Galena of Bifmuth. It is 
found at Batneas, at Riddarrhitan in Weftmanland. It decrep- 
itates on heated coals, and requires to be pulverized, in order 
to torrefy it without lofs. 

The galena of Bifmuth is fometimes ftriated. 
. The fulphureous ore of Bifmuth is fometimes compacl, of 
an obfcure colour, fprinkled with fmall brilliant points. That 
of Schneeburg, in Saxony is of this kind. 

Mr. De la Peroufe discovered, in 1773, on ^- e mountains of 
Melles in Ccminges, in the quarter called Les Raitz, an ore of 
bifmuth, which refembles this fmall plated galena, and has no 
external difference, excepting that it is lefs heavy. This ore is 
mineralized by fulphur, in the proportion pf thirty-five livers 
per quintal. 

4. Cronftedt, Linnreus, Juftj, and De Born, have fpoken of a 
bifmuth ore of a greenifh yellow, found in Saxony, and in Swe- 
den. Mr. Sage communicated to the Academy, on the 1 7th of 
Auguft, 1780, the annlyfis of an earthy folid, yellowifh green 
ore of bifmuth. He^ obtained quartz in the proportion of one 
third, fome carbonick acid, thirty-fix pounds of bifmuth per 
quintal, and twenty-four grains of filver: he found neither cop- 

Ser nor iron. Befides this green ore, he analyfed a yellow acid 
ightly brilliant, and fometimes femi-tranfparent ore, which af- 
forded him nearly the fame refults, but nine pounds more of 
bifmuth. 
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This oxide muft be fufec! in the blaft furnace. 

The fufibility of bifmuth renders the working of this ore ve- 
ry fimple, and the apparatus may be varied in feveral ways. 
Nothing more is necelTary than to throw the ore into the fire, 
and to make a cavity underneath to receive the femi-metal. 

Bifmuth, when heated to rednefs, burns with a blue flame, 
icarcely perceptible. Its oxide rifes in the form of a yellowifh 
fume, which, when condenfed, forms the flowers of bifmuth. 
Its weight is increased, twelve per cent, in pafTing to the ftate of 
oxide. 

Mr. Darcet has converted Bifmuth into a glafs of a dull vio- 
let colour. 

Bifmuth may be fubftituted inftead of lead, in the procefs of 
cupellation. Its vitrification is even more fpeedy. 

The fulphurick acid, boiled on bifmuth, fuffers fulphureous 
acid to efcape, and partly diflblves the femi-metal. The ful- 
phate of bifmuth does not cryftallize, but is very deliquefcent. 

The nitrick acid attacks bifmuth, and is very fpeedily decom- 
pofed. Nitrous gas is difengaged, while the oxigene is fixed in 
combination with the metal. There is neverthelefs a portion 
diffolved which is capable of forming a fait in rhomboidal, tetra r 
hedral prifms, terminating in a tetrahedral pyramid with unequal 
faces. This nitre detonates weakly with reddifh fcintillations ; 
and melts, fwells up, and leaves an oxide of a greenifh yellow- 
colour. 

This fait lofes its tranfparency in the air, at the fame time 
that its water of cryftallization flies off. 

The muriatick acid does not acl: on bifmuth but in the courfe 
of a confiderable time ; and for this purpofe it muft be highly 
concentrated. The muriate of bifmuth is of difficult cryftalli- 
zation, and ftrongly attracts the humidity of the air. 

Water precipitates this femi-metal from all its folutions ; 
and the precipitate, when well wafhed, is known by the name of 
Magiftery of Bifmuth, or white paint for the complexion. This 
white is ufed as a pigment for the fkin ; but ftrong or fulphu- 
reous vapours, and even the animal tranfpiration, convert it into 
metal, and alter its colours. The hair-dreffers, when thev are 
defirous of converting hair to a black colour, fmear it with po- 
matum prepared with the magiftery of bifmuth. 

Bifmuth is ufed by the pewterers to give hardnefs to the me- 
tallick compofition of pewter. 

Mr. Pott has publifhed a difTertation, in which he affirms that 
phyficians have made ufe of fome preparations of this femi- 
metal : but it is proper that it fhould be prohibited, becaufe it 
almoft always retains a portion of arfenick, and itfelf partakes oi" 
the noxious properties of lead. 
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The white of bifmuth is very much ufed as a paint for ths 
complexion. Its various folutions form fympathetick inks* 
which are more or lefs curious, on account of the facility with 
which this oxide is altered, and becomes black. 

Schluter, in his Treatife of the Fufion of Ores, pretends that 
it may be ufed in making the azure blue glafs. But it appears, 
from his own account, that he made ufe of a bifmuth ore very 
rich in cobalt. For he fays, that a moderate fire caufes this ore 
to fuffer its bifmuth to flow out, and that refidue is a grey and 
.fixed earth, which may be employed to advantage in making the 
blue. 

This femi-metal unites with all the metals ; but very difficult- 
ly, in the way of fufion, with the other femi-metals, or the me- 
tallick oxides. Antimony, zinc, cobalt, and arfenick refufe 
this union. 

Bifmuth, fufed with gold, renders it eager, and communi- 
cates to it its own colour. It does not render filver fo brittle as 
gold : it diminifhes the red colour of copper, but is deprived of 
its own colour by uniting with lead •, the two metals in this cafe 
forming an alloy of a grey colour. When bifmuth is mixed in 
n fmall proportion with tin, it gives it a greater degree of bril- 
liancy and hardnefs. It may be united with iron by a violent 
heat. 

Bifmuth amalgamates with mercury, and forms a fluid alloy ; 
a circumftance which has induced certain unprincipled drug- 
gifts to mix it with that metal. The fraud may be known 
from the mercury being lefs fluid than before, and no other teft 
is neceffary than to diflblve the mixture in fpirit of nitre ; for the 
bifmuth will be precipitated by the addition of water. 

This property, however, of amalgamating completely with 
mercury, may caufe it to be applied with advantage in the fil- 
vering of glafles, by an amalgam of tin, bifmuth, and mercury. 
This is, perhaps, the circumftance which has obtained it the 
name of tin-glafs. 

The fufible alloy of Mr. Darcet is a mixture of eight parts of 
bifmuth, five of lead, and three of tin. It melts in water at the 
feventy-third degree of Reaumur, and flows like mercury. 



CHAPTER V. 

Concerning Antimony. 

ANTIMONY is a femi-metal which has fingularly engaged 
the attention of al-chemifts. They conGdered it as the bafis of 
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their great work ; and it is defcribed in their writings under 
the names of the Radical Principle of Metals, Sacred Lead, &c. 

This femi-metal is famous for the difputes which were main- 
tained concerning it, at the beginning of the fixteenth century. 
It was prohibited by a decree of parliament, at the folicitation 
of the faculty of Paris. Poumier of Caen, a (kilful phyfician 
and chemift, was degraded by the Faculty of Medicine, for hav- 
ing employed it in 1609. 

This fame profcribed metal was re-eftablifhed in 1624 ; and 
at prefent affords the molt powerful remedies poflefled by the 
medical art. 

Bazilius Valentinus, a zealous partizan of antimony, pleaded 
Its caufe with much warmth and enthufiafm, in a work entitled 
Currus Triumphalis Antimonii : and Lemery has written a large 
volume to decry the preparations of this femi-metal. 

As this fubftance afforded employment for a long time to the 
alchemifts, its ftudy is rendered particularly difficult by the mul- 
tiplicity of preparations, and the barbarous names which have 
been given to them, and to the variety of procenes. But by con- 
founding preparations of the fame nature •, by bringing the anaU- 
agous products together, rejecting at the fame time the numer- 
ous lift of barbarous names which have been bellowed on one 
and the fame thing ; and by reducing the proceffes to that fim- 
plicity of which the well known preparations are fufceptible j 
we may fucceed in forming an accurate and precife idea of the 
nature and properties of this metal. 

Antimony is found in the bowels of the earth, in four differ- 
ent ftates. 

1. In the metallick form. 

2. Combined with arfenick. 

3. Mineralized with fulphur. 

4. In the ltate of oxide. 

I. Some authors pretend that antimony in the metallick ltate 
was difcovered in the year 1748, by Ant. Swab, in the mine of 
Sahlburg, in Sweden. Swab affirms that it has the colour of 
fdver, that its texture is formed of large brilliant plates, and that 
it eafily amalgamates with mercury. Cronftedt, Wallerius, 
Linnaeus, and Cartheufer, do not hefitate to admit of native an- 
timony ; but Lehman, Jufti, and Vogel deny its exiftence : and 
Mr. De Lille thinks thr.t this pretended regulus is nothing but 
the white arfenical ore of antimony. The abbe'jMon-gez affirms 
that he has difcovered native antimony at Allemont in Dau- 
phiny. It is the fame ore which Mr. Sage has defcribed under 
the name of the Arfenical Ore of Antimony. 
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If this native Antimony really exifts, it is probably cryftalliz- 
ed like the metal itfelf, which is known to us, and whofe cryf- 
tals are either octahedrons infened one in the other, or cube* 
placed one upon each other flantwife. 

2. The arfenical ore of antimony may be confidered as a true 
regulus by thofe who, after Bergmann, do not admit of arfenick 
as a mineralizer : for the ore is then confidered as an alloy of 
the two reguli. 

This ore is as white as filver, and exhibits large facets like an- 
timony. The fpecimen was fent from Allemont in Dauphiny, 
to Mr. Sage. Its gangue is quartz. Smali fafces of the grey 
and red ores of antimony ftriated and radiated, and not contain- 
ing arfenick, are fometimes found in the cavities of this ftone. 
The antimony and the arfenick exift in the metallick ftate in 
this ore. The arfenick adheres fo ftrongly to the antimony that 
it cannot be difengaged by torrefaclion. Mr. Sage combined 
the ore with fulphur, and obtained orpiment and realgar. This 
mineral ogift has concluded, from his analyfes, that the arfenick 
exifted in the proportion of fixteen pounds in the hundred. 

3. Antimony is ufually mineralized by fulphur, in which 
combination it exhibits three or four very diftinct varieties. It 
is fometimes cryflallized of a grey colour inclining to blue. 
The cryftals are very frequently (lender, oblong, hexahedral 
prifms, terminated by tetrahedral pyramids. The mines which 
are wrought in Auvergne afford us beautiful prifms, of the 
fame geometrical form, but thicker than thofe of the antimony 
of Hungary. Thefe laft cryftals foon become of an irifed coh 
our; but thofe of the mines of Auvergne are not fo fpeedily 
Changed. I polTefs a large fpecimen of antimony from the 
neighbourhood of Alais, which is entirely covered with cryftals 
perfectly fimilar to thofe of Hungary. It frequently happens 
that thefe cryftals are confufed and indiftincT:, iri which cafe the 
ore appears to be formed of very (lender prifms applied fidewife 
to each other. That which is called plumofe antimony does 
hot differ from thefe varieties, excepting that its cryftals are very 
(lender aiid detached. They are ufually of a blackifli grey. 
This variety has been arranged among the ores of filver, becaufe 
for the moft part it contains that metal. 

Ores of antimony have been found in feveral parts of France* 
but our province of Linguedoc exhibits very curious fpeci- 
mens. We have them at Malbos in the county of Alais. This 
mineral has been wrought in the diocefe of Uzes; but the 
want of confumption has prevented the works from going on 
with fpii it. Mr. De Genfanne has obferved in Vivarais a large 
fein of ore of antimony in a flratum of pit- coal. 
2...0 
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The decompofition of the fulphureous ore of antimony pro- 
duces the red antimonial ore. The red ore more efpecially ac- 
companies the fpecular antimony of Tufcany. Its furfaces ap- 
pear to be corroded or rendered curious by decompofition ; and 
when apiece is broken, it emits a powder which has the proper- 
ties of kermes* 

The decompofition of fulphureous antimony likewife produ- 
ces the fulphate of antimony. Some varieties of thefe antimo- 
nial decompofitions may likewife be feen in the Analyfe Chim- 
ique of Mr. Sage. 

Antimony is found in two dates in the courfe of trade ; 
namely, in the form of crude antimony, and in the metallick 
form. 

Crude antimony is nothing elfe but the fulphureous ore of an- 
timony cleared of its gangue. For this purpofe the ore is put 
into pots pierced at the bottom, and difpofed upon other pots 
buried in the earth; The uppermofi: pots which contain the min- 
eral are then heated ; the antimony becomes fufed, and flows, 
together with its fulphur, into the lower veflels, while the gan- 
gue remains in the upper pots. 

As the mixture of antimony and fulphur is very fufible, this 
procefs may be varied in a thoufand ways. I have myfelf wrought 
an antimonial ore with the greatelt economy, by fufing it in a 
furnace, over the arch of which I had difpofed the ore broken 
into pieces of five or fix pounds weight each. The heat was 
communicated to the whole mafs by five openings in the arch or 
roof j and the antimony, as it melted, ran down on the outfide 
of the furnace by means of channels cut in the convex part of 
the dome. This method afforded forty quintals of antimony in 
twenty-feven hours, by the confumption of between twenty and 
thirty quintals of combuflible matter. 

We are acquainted with two methods of depriving crude an- 
timony of its fulphur. i. The flow and gradual calcination of 
the ore, which affords a grey oxide, and this urged by a violent 
heat is converted into a reddifh and partly tranfparent glafs of 
antimony. It does not aflume this tranfparence unlefs it has 
been perfectly fufed. The glafs of antimony is a violent corro- 
five, but is capable of being corrected by mixing or kneading it 
with yellow wax, and afterwards burning off the wax ; or other- 
wife by triturating it with a volatile oil. This is the cerated' 
antimony of Pringle, fo much extolled in dyfenteries. 2. Or 
otherwife, the antimony may be deprived of its fulphur by pro- 
jecting into an ignited crucible a mixture of eight parts of crude 
antimony, fix of tartar, and three of nitre. By keeping this 
mixture for a certain time in fufion, the antimony is obtained' 
in the metallick Hate. 
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In the large works antimony is torrefied in an oven refembling 
• that of the bakers. Fifty pounds of dried wine lees or tartar 
are mixed with a hundred pounds of the oxide of antimony, and 
the mixture is then fufed in proper crucibles. The metallick 
button contains the form of the crucible 5 and thefe loaves of 
antimony exhibit a ftar on their upper furface, which has been 
confidered as peculiarly characteriftick ; but is in facl: nothing 
more than a confufed cryftallization formed by octahedrons in- 
ferted one in the other. 

Copper, filver, and iron, when fufed with the fulphure of an- 
timony, feize its fulphur, and reduce it to the ftate of regulus. 
This has been diftinguifhed by the name of the metal employ- 
ed. Thus we hear of the regulus of Mars, of Venus, &c. 

Antimony is difficult of fufion ; but when once melted it 
emits a white fume known by the name of Argentine Snow, or 
Flowers of antimony. Thefe fumes, when collected, form very 
brilliant prifmatick tetrahedral cryftals : Mr. Pelletier has obtain- 
ed them in tranfparent octahedrons. The argentine flowers of 
antimony are foluble in water, which they render emetick. The 
volatility and folubility of this fublimed oxide exhibit a refem- 
blance with the oxide of arfenick before treated of. We are in- 
debted to Rouelle for thefe obfervations on the properties of this 
antimonial oxide. 

Antimony is very (lightly changed by expofure to air, in which 
it long preferves its brilliancy. 

The fpecifick gravity of fufed antimony is 6,7021. — See 
Briflbn. 

The fulphurick acid, by flow ebullition upon this metal, is 
partly decompofed. Sulphureous gas firft efcapes, and fulphur 
itfelf is fublimed towards the end. When four parts of the acid 
are ufed with one of the antimony, the refidue, after the acf ion 
of the acid, confifts of the metallick oxide, with a fmall quantity 
of the fulphate of antimony, which may be feparated by means 
of diddled water. This fulphate is very deliquefcent, and is 
eafdy decompofed in the fire. 

The nitrick acid is decompofed upon this femi-metal with 
great facility. It oxides a confiderable part, and diffolves a por- 
tion, which may be fufpended in water, and forms a very deli- 
quefcent fait, decompofable by heat. The oxide prepared by 
this means is very white, and very difficult of reduction. It is 
a true bezoar mineral. 

The muriatick acid acts upon antimony only by a long digef- 
tion. Mr. Fourcroy has obferved that this acid, long digefted 
upon the metal, diffolves it ; and that the muriate of antimony 
obtained by a ftrong evaporation in the form of fmall needles, 
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is very deliquefcent. It is fufible in the fire, and likewife vol - 
atile. Mr. Monnet has proved that twelve grains of the oxide 
of antimony are fufficient to faturate half an ounce of the ordi- 
nary murjatick acid. Mefirs. Monnet and De Fourcroy have al- 
ways found that there is a portion of the muriate of antimony 
"which is not volatilized by the fire : this depends upon its be- 
ing ftrongly oxided or qalcined. 

If two parts of the corrofive muriate of mercury, and one of 
antimony, be diftilled together, a very flight degree of heat 
drives over a butyraceous matter, which is called butter of an- 
timony, or the fublimed muriate of antimony. It may be pre- 
fumed that the acid in this compofition is in the ftate of oxige- 
Jiat«d muriated acid, as it is in the corrofive fublimate. 

The fublimed muriate of antimony becomes fluid by a very 
•gentle heat ; and by virtue of this property it may conveniently 
be poured from one veflel to another : for nothing more is nec- 
efiary than to plunge the bottle which contains it into hot wa- 
ter, and the muriate may then be poured out in its liquid ftate. 

I have feveral times obferved this muriate of antimony cryf- 
tallized in hexahedral prifms with dihedral fummits ; two fides 
of the prifm are inclined, and form that which the ancient 
chemifts diilinguifhed by the name of cryftals in the form of a 
tomb. This muriate is ufed as an efcharotick. When the fait 
is diluted with water, a white powder fails down, called pow- 
der of algaroth, or mercurius vitje. This powder does not 
contain an atom of the muriatick acid, and is merely an oxide 
of antimony produced by that acid. 

Simple water has fome aft ion upon this femi-metal ; for we 
find that it becomes purgative by remaining in contact with it. 
Wine, and the acetous acid, completely difiblve it : but the e- 
rnetick wine is an uncertain remedy ; becaufe it is impoflible 
to determine with abfolute certainty the degree of its energy, 
which depends upon the very variable degree of acidity of the 
■wine made ufe of. The emetick wine ought not therefore to 
be ufed but in external applications. 

The gaftrick fluids likewife difiblve this femi-metal, as is pro- 
ved by the famous perpetual pills. This purgative has been 
diftinguifhed by the name of Perpetual Pills ; becaufe, being 
very little alterable, the pill may be tranfmitted from generation 
to generation. 

The acid of tartar forms a very well known fait with antimo- 
ny, which is much employed in medicine under the name of E- 
metick Tartar, Stibiated Tartar, or fimply Emetick. It is this 
fait which, in the New Nomenclature, is diftinguifhed by the; 
n^me of antimoniated Tartrite cf Pot-afh. 
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In the examination of the various authors who have treatd 
of the preparations of this remedy, as well as by comparing the 
mod celebrated difpenfatories, we do not find two which pro- 
pofe an uniform procefs which is constant and invariable in its 
effects. 

Some prefcribe the crocus metallorum, or femi-vitreous ox- 
ide of fulphurated antimony ; others the glafs ofantimonv; 
others the liver of antimony, or fulphurated oxide of antimony : 
and others the fublimed oxide : fome combine feveral of thefe 
fubftances. But all in general adopt cream of tartar, or the acid- 
ulous tartrite of poi-afn, as a folvent. 

The proceffes vary not only in the choice of the fubftances to 
be made ufe of, but even in the proportions in which they are 
to be employed. We likewife find varieties in the quantity of 
water ufed as a vehicle, which is not an indifferent circumftance ; 
in the time prefcribed to digeft the fubftances together, a cir- 
cumftance of the greateft conlequence to be afcertained, becaufe 
the faturation of the acid depends absolutely and effentially upon 
it. The choice of veffels mult likewife influence the effect of 
{his remedy. Hoffmann has affirmed that the emetick loft its 
effect by a long ebullition ; and Mr. Baume has proved that 
iron precipitates the antimony after a time, and confequently 
that the iron veflels prefcribed in certain difpenfatories ought to 
be rejeded. 

This variety in the proceffes muft neceffarily influence the re- 
fult ; and we cannot be much furprifed that Gcoftroy, who an- 
alyfed feveral antimoniated tartrites of pot-afh, fhould have found 
from thirty grains to two gros and ten grains of metal in the 
ounce of this fait. 

Is it not therefore of great confequence to prefcribe a uniform 
procefs, whofe product fhould be invariable ? Thefe heroick 
remedies, which operate in fmall doles, ought to produce con- 
ftant and invariabl^ effects through all Europe. It would be 
much more advantageous that folemn proceedings fhould be 
made for the preparations of thefe active remedies, than for the 
compofition of the theriaca, a true pharmaceutick monfter, the 
dofe of which may with impunity he varied from a few grains 
up to three hundred. It follows, from the variety of the effects 
of thefe fovereign remedies, that confultations become almolfc 
ineffectual ; becaufe the phyfician prefcribes according to the 
effects of the remedies he is in the habit of ufing : and the art 
of medicine becomes no better than a difcouraging alternative 
of fuccefs and difappointment. 

At Montpellier, the emetick acts in a dofe of one or two 
grains 5 but in oilier places it docs not operate in a lefs dofe 
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than ten or twelve : and the ftibiated tartar fold by thofe whole- 
sale dealers in medicine, who fupply the country apothecaries, 
is ufually nothing but the fulphate of pot-afh, or vitriolated tar- 
tar moiftened with a folution of emetick. It is a thing greatly 
to be defired, that government, which does not apply its ltamp of 
approbation to objects of luxury until they have pafled a rigid 
inspection, fiiould prohibit traders from circulating with impu- 
nity, products upon which the health of the citizen So effential- 
Jy depends. Thefe are the frauds and deceptions which have 
engaged me to form an eftablifhment of chemical products, in 
which intelligence and probity prefide over all its operations j 
and I have fucceeded in my laboratories fo far as to conduct the 
procefTes with Sufficient economy to afford products faithfully 
made up, and invariable in their effects, at the fame price as 
thofe Sophifticated drugs with which the publick has hitherto 
teen poifoned. 

The moft accurate procefs for making an excellent emetick 
confifts in taking very tranfparent glafs of antimony, grinding 
it fine, and boiling it in water, with an equal weight of cream 
of tartar, until this fait is Saturated. By filtration, and evapora- 
tion with a gentle heat, and fubfequent repofe, cryftals of the 
antimoniated tartrite of pot-afh are obtained, whofe degree of 
emeticity appears to be fufficiently conftant. The cryftals may 
be obtained in feveral fucceffive products by repeated evapora- 
tions. 

Macquer propofed the powder of algaroth, as more uniform 
in its power. MefTrs. De Laflbne and Durande have adopted 
the opinion of Macquer ; and the celebrated Bergmann has fol- 
lowed the ideas of the French chemifts, with a few flight modi- 
fications. 

Take five ounces of cream of tartar reduced into powder, and 
two ounces two gros of the powder of algaroth precipitated by 
hot water, wafhed and dried. Add water to thefe, and boil 
them gently. By filtration and evaporation the cryftals of 
emetick tartar are obtained ; which may be given in the dofe of 
three grains, without fatiguing the ftomach or inteftines. 

The antimoniated tartrite of pot-afh cryftallizes in trihedral 
pyramids. It is very tranfparent, is decompofed on the fire 
with crackling, and leaves a coaly refidue. Sixty parts of water 
diflblve it. It effiorefces in the air, and becomes farinaceous. 
The folutions of this fait throw down a mucilage, which fixes, 
and forms a pellicle of confiderable thicknefs : it is the mucil- 
age of cream of tartar, which is infoluble in water, and partly 
Soluble in alcohol. The fulphurick acid blackens it, but does 
not itfelf become coloared till after a loner time. The nitrick 
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add clifiblves it partly ; and is itfelf decompofed, with the emif- 
jion of much nitrous gas. 

The alkalis and lime decompofe the antimoniated tartrite of 
pot-afh. Antimony, properly mixed with the nitrate, decom- 
pofes that fait completely. Equal parts of the femi-metal and 
nitre being thrown into an ignited crucible, the fait detonates, 
its acid is decompofed •, and at the end of the operation the cru- 
cible is found to contain the alkali which ferved as the bafe o£ 
the nitrate, and the antimony reduced to the Mate of white ox- 
ide : this is called Diaphoretick Antimony. The fame prepar- 
ation may be made by ufing the fulphure of antimony ; in which: 
cafe three parts of the nitrate are ufed to one of the crude anti- 
mony. The refidue in the crucible, after the detonation, is 
cempofed of the oxide of antimony, fixed alkali, a portion o£ 
the nitrate not decompofed, and a fmall quantity of fulphate of 
pot-afli. This compound is (till known by the name of the Sol- 
vent of Rotrou. Water deprives it of all the falts it contains ; 
and leaves only the oxide of antimony, which is called Warned 
Diaphoretick Antimony. If a fmall quantity of acid be pour- 
ed on the fluid which holds the falts in folution, a fmall portion 
of the oxide of antimony falls down, which was diflblved by the 
alkali of the nitre. The precipitate forms the cerufe of antimo- 
ay, or the pearly matter of Kerkringius. 

Equal parts of the fulphure of antimony and of nitrate, de- 
tonated in an ignited crucible, form the liver of antimony or 
fulphurated oxide of antimony ; which, when pulverized and 
warned, produces the fafFron of metals, or crocus metallorum. 

The oxides of antimony have been confidered as very diffi- 
cult of reduction ; and it was not without furprize that I at firft 
obferved the facility with which they are all reducible by the 
black flux. This prejudice was eftablifhed and propagated for 
want of proper experiments. 

The alkalis do not fenfibly a£l upon antimony : but the ful- 
phures of alkali. diflblve it completely ; and it is upon this prin- 
ciple that an operation is founded by which we obtain a valuable 
remedy, known by the name of Kermes Mineral, to diftinguifh 
it from the vegetable kermes ufed in dying. The preparation is 
limply a red fulphurated oxide of antimony. This remedy, firft 
pointed out by Ghuber, who made it with antimony and the fo- 
lution of nitre fixed by charcoal, is indebted for its celebrity to 
the wonderful cures it performed in the hands of Simon, a 
Chartreux friar \ whence it obtained the name of the Powder 
of the Chartreux. This religious man obtained the compofition 
from a furgeon named Ealigerie, to whom it had been given by 
Mr. Chaftenay, lieutenant at Landau. Mr. Dodavr, fir! t phyfi- 
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cian to the king, bought the fecret in the year 1 720 ; and Mr. 
Laligerie rendered it pnblick. According to his procefs, the 
pounded fulphure of antimony is boiled for two hours, with one 
fourth of its weight of the folution of fixed nitre or pot-afh, iri 
twice its weight of very pure water. After ebullition the fluid 19 
filtered ; the kermeS falls down as it cools, and is afterwards 
dried. Laligerie directs that more of the folution of fixed nitre 
be digefted on the metal, till it is Completely diflblved. Lali- 
gerie burned fpirit of wine or brandy upon it. The liquor 
Which remains after the Kermes is fallen down, contains more 
kermes which may be difengaged by means of an acid. This 
kermes, winch is paler than the former, is known by the name 
of Golden Sulphur of Antimony or the orange-coloured fol- 
phurated oxide of antimony. 

This procefs is no longer ufed. That which fucceeded the 
heft with me, conflfts in boiling tenor twelve pounds of pure al- 
kaline folution with two pounds of the falphure of antimony. 
The ebullition is continued for half an hour after which the flu- 
id is filtered ; and mu.:h kermes is obtained by mere cooling. 
I digeit Hew alkali on the antimony, until it is ctfnfumed. The 
kermes which I obtain by this means is of a beautiful tufted ap- 
pearance, 

Geoflroy, who analyfed the kermes in f 734 and 1735, found 
that one gros of kermes contained from fixteen to feventeen 
grains of antimony, from thirteen to fourteen grains of alkali, 
and from forty to forty-one of fulphur. But Meflrs. Baume* 
Deyeux, de la Rochefoucauld, and De Fourcroy, are not con- 
vinced that the wa(hed kermes contains an atom of alkali which 
is not neceffary to its virtues. 

Kermes is likewife one of thofe remedies iri the preparation 
of which the greateft care ovrght to be taken. It is neverthelefs 
•a fubftance which all the apothecaries in the country buy at the 
fair of Beaucaire; and the arialyfis which I have feveral times 
rhade of this kermes, has convinced me that it very often is 
fYothing elfe but pounded brick, mixed with vegetable kermes, 
and fprinkied with a ftrong folution of emetick tartar. I have 
found fome which was merely a mixture of the fine brown red, 
and the calx of antimony. 

Lime and lime-water, digefted upon pulverized antimony, af- 
ford, even in the cold, at the end of a certain time a kind of 
kermes, or golden fulphur, of a beautiful red colour. 

Antimony enters into the compofition of printers' types. It is 
likewife mixed with tin to increafe its hardnefs. 1c was for- 
merly ufed as a purgative : for this purpofe it was made into* 
cups, in which water or wine was fufrered to ftand for a night 
amd taken by the patient the following day. 
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1 he fulphure of antimony is ufed as a fudorifick in fkin difor- 
ttifrs. For this purpofe it is tied in a cloth, and digefted in the 
ptifans appropriated to thefe diforders. It is adminiftered in, 
pills for the fame purpofe. 

The folvent of Rotrou has been much ufed to diffipate lym- 
phatick concretions, and pituitous fwellings. 

Warned diaphoretick antimony is ufed in confiderable dofes 
to excite perfpiration. Some phyficians have confidered it as a 
medicine void of effect. ; and Boerhaave has maintained that its 
effeft is not more confiderable than that of Lemnian earth. 

The kermes mineral is one of the moft valuable medicines that 
the healing art is acquainted with. It is incifive ; and may be 
adminiftered in all pituitous cafes, when the ftomach fails, and 
and the lungs are obftrucled. In a more confiderable dofe it is 
fudorifick, and a ftill larger portion is emetick. It is employed 
in the dofe of from half a grain to three. 

The tartar emetick has received its name from its ufes. It is 
diffolved in water ; and this folution produces its effect. 

The liver of antimony, crude antimony, and the crocus me- 
tallorum, are more efpecially ufed as purgatives in the veterina- 
rian practice. They are given to horfes in the dofe of about an 
ounce. . 



CHAPTER VI. 
Concerning Zins. 

ZINC is a metallick fubftance of a bluifh brilliant white col- 
our, very difficultly reducible into powder, but capable of being 
extended into very thin plates by the equal and gradual rreffure 
of the flatting mill. From this laft property, which has been 
proved by Mr. Sage, we may confider zinc as the intermediate 
fubftance between femi- metals and metals. 

Zinc is found naturally in various ftates. 

I. Cronftedt affirms that he faw a radiated cryftallization of a 
metallick appearance, which is found at Schneeburg, where it is 
called flowers of bifmuth, but which lie found to be the regulus 
of zinc. This celebrated mineralogift does not venture to pro- 
nounce that it is native zinc. 

Mr. Bomare affirms that he found it in fmall pieces in the 
mines of lapis calaminaris in the duchy of Limbourg, and in 
the zinc mines of Goflar. This regulus may have arifen from 
the fcorise of furnaces, ox from the ancient works ; fo that the 
exiftence of native zinc is ftill confidered as very doubtful by 
mineralogifts. 
2...P 
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2. Zinc is ufuiliy mineralized by fulphur, forming arc ore 
known by the name of Blende, which in German fignifies- 
Minding or deceitful ; a name which may have been given to it 
becaufe fuch diftri&s as abound with this mineral are barren of 
other ores. 

The determinate cryftallization of blende appears to be the 
aluminiform octahedron, and fometimes the tetrahedron ; but 
the modifications of thefe primitive forms are fo numerous, that 
the cryftals are found in an aftonifhing variety of figures. Moll 
commonly they are polyhedral cryftals of an indeterminate form, 
or fcarcely capable of being defcribed. Oh this circumftance 
depend the denominations of Blende with Large or Small Plates, 
Striated Blende, Compaft Blende, and other fpecies, which may 
be feen in the works of Meftrs. Sage, De Lifle, &c. 

The colour of thefe blendes is infinitely various ; they are 
found yellow, red, black, femi-tranfparent, &c. 

All the blendes emit an hepatick fmell when" grated or tritu- 
rated. 

There is a kind of blende which exhibits a line of phofphorick 
flame when fcratched with a knife, or even with a tooth-pick. 
Mr. De Bournon found this yellowilh, tranfparent, and phof- 
phorick blende, fimilar to that of Scharffenburg, at Maronne in- 
die mouncains of Oifan, at the diftance of nine leagues from' 
Grenoble. The phofphorick blende contains fcarcely any iron. 

To make the aflay of a blende, Mr. Monnet advifes folution of 
the ore in aqua fortis. The acid unites with the metal, and fep- 
arates the fulphur : after which the oxide of Zinc may be ob- 
tained by diftilling off the acid ; and this may be reduced. 
Bergmann obtains one part of the fulphur of thefe ores by dif- 
rillation. diflblves the refidue in acids, and precipitates the met- 
al from its folutions. Mr. Sage diftils blende with three parts 
©f fulphurick acid : the fulphur fublimes by this operation ; and 
the refidue in the retort is the fulphate of zinc, mixed with a 
fmall quantity of fulphate of iron, and other fubftances mixed 
-with the zinc. I do not know any country where blende is 
■wrought to obtain the zinc ; but it is fometimes mixed with- 
lead ; and in the working of this laft metal the former is occa- 
fionally obtained. Such is the ore worked at Rammelfburg near 
Goflar in the lower Hartz. Great part of the zinc is diffipated 
during the fufion of the lead ore ; but a portion of this metal is 
obtained by a very ingenious procefs. Care is taken to keep the 
anteriour part of the furnace cool ; againll which a (tone is plac- 
ed with a flight degree of inclination. The vapours of the zinc 
which are carried again ft this ftone, are condenfed, and fall in 
drops into powder of charcoal } with which a ftone placed at 
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tJie bottom is covered. The femi-metal is defended from oxi- 
dation by means of the charcoal 5 and it is afterwards fined and 
;Caft into convenient forms. 

This zinc is always united with a fmall quantity of lead, and 
is lefs pure than that which .comes to us from India, under the 
name of Tutenag. 

I ftrongly calcined the blende of St. Sauveur, and mixed the 
powder with charcoal. I then put the whole into a retort whofe 
orifice was plunged beneath water ; and by a violent heat, kept 
up for two hours, I obtained much zinc, which fell to the bot- 
tom of the water. 

3. The decompofitiou of blende gives rife to the formation of 
the fulphate of zinc. The operation of nature is flow, but art 
has fupplied its defect. All the fulphate of zinc which is met 
with in commerce, is prepared at Rammelfburg. For this purpofe 
after having roafted the galena mixed with the blende, it is 
thrown ignited into cifterns full of water, where it is left for 
twenty-four hours. The roafted mineral is three times extin- 
guifhed in the fame water ; after which the lixivium is evapo- 
rated, and put into coolers. At the end of fifteen days the wa- 
ter is decanted, in order to feparate the cryflals of the fulphate 
of zinc. Thefe cryftals are afterwards fufed in iron veflels ; 
and the liquor is poured into coolers, where it is ftirr.ed till it 
congeals. We fhall examine the properties of this fait in due 
courfe. 

4. £inc is likewife found in the ftate of oxide ; and it ap- 
pears to me that nature makes ufe of two means of converting the 
metal to this ftate. 1 . The fulphur is fometimes diffipated with- 
out the production of fulphate ; in which cafe it is replaced by 
the oxigenous gas, and the refult is that oxide of zinc which is 
known by the name of Lapis Calaminaris. I have found ftrataof 
lapis calaminaris at St. Sauveur, intermixed with layers of blende ; 
and the tranfition of the blende to the ftate of lapis calaminaris 
may be followed in the moft interefting manner. 2. The ful- 
phate of zinc produced by the decompofirion of blende in cer- 
tain circumftances, is itfelf decomposed by calcareous ftones. 
In the rich collect ions of Meflrs. bag* De Lifle, &c. we fee 
cryftals of calcareous fpar converted into calamine at one end, 
and calcareous at the other. 

Calamine cryftallizes in rhomboidal tetrahedral prifms, or in 
hexadral pyramids. 

It is fometimes covered with protuberances ; often has the 
appearance of being worm-eaten j and is, at other times, either 
fpongy or compact. 

Its colour varies greatly. The county of Somerfet affords it 
of white, green, and other colours. 
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To make a good analyfis of calamine, Bergmmn advifes fo- 
lution in the fulphurick acid ; he obtains the fulphates of iron 
and of zinc. That of iron is decompofed by a known weignt 
of zinc , and the metal is afterwards precipitated by the carbo- 
nate of foda. He has ascertained that ninety-three grains of 
this precipitate are equivalent to one hundred grains of zinc ; 
and from this weight he deducts that of the zinc made ufe of to 
precipitate the iron. 

Zinc may be obtained from calamine by diftillation. For 
this purpofe I have ufed the fame procefs as has already been, 
mentioned in treating of blende. 

Zinc yields beneath the hammer, without extending itfelf. 
If it be cafi into fmall plates, it may then be laminated, and re- 
duced into very thin and very flexible leaves. 

The fpecifick gravity of fufed zinc is 7,1908. See Briilbn. 

Zinc, when heated, may be eafily pulverized. This opera- 
tion is very difficult without this precaution indicated by Mac- 
quer ; for it wears and choaks up files, and deftroys them in a 
ihort time : befides which, they have no confiderable action up- 
on it. It may likewife be fufed and poured into water. — Thefe 
are the moll convenient means of pulverizing it. 

Zinc, treated in clofe veffels, fublimes without decompofition : 
but when it is calcined in the open air, it becomes covered with 
a grey powder, which is a true oxide ; and, if it be heated to 
rednels, it takes fire, emits a blue flame ; and white flocks iflue 
from it. which are called Philofophical Wool, Pompholix, or 
Nihil Album. This oxide may be fufed into glafs by an ex- 
ceedingly violent heat : the glafs is of a beautiful yellow colour. 
Zinc laminated into very thin leaves, takes tire by the flame of 
a taper, and burns with a blue colour mixed with green. 

Mr. De Laflbne, who has written feveral excellent Memoirs 
on zinc, confiders it as a kind of metallick phofphorus. 

"Water appears to have fome action upon zinc. When this 
femi-metal begins to be ignited, if water be poured on it, the 
fluid is decompofed, and much hydrogenous gas is difengaged, 
MefTrs. Lavoiher and Mcuilner have al'certained this fact, in 
their fine experiments on the decompofition of water. 

Sulphurick acid diflblves it in the cold, and produces much 
hydrogenous gas. A fait may be obtained by evaporation, in 
tetrahedral prifmatick cryftals, terminated by a four-fided pyra- 
mid. Mr. Bucquet has obferved that thefe prifms are rhomboi- 
dal. This fait is known by the name of Vitriol of Zinc, White 
Vitriol, Sulphate of Zmc : its talte is confiderably ftyptick. It 
is not much altered by expofure to air when pure ; but luflcrs 
its acid to efcapc, at a degree of heat lefs than is required by the 
iulphate of iron. 
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The nitrick ncid attacks zinc with vehemence, even when di- 
luted with water. In this operation a great part of the acid is 
decompofed ; but if the refidue be concentrated by flow evapo- 
ration, cryltals are obtained in comprefled and flriated tetrahe- 
dral prifms, terminated by pyramids with four fides. Mr. De 
Fourcroy to whom we are indebted for this obfervation, adds, 
that the fait melts upon heated coals, and fpreads abroad with 
decrepitation, and a fmall reddifh flame. If it be expofed to 
heat in a crucible, it emits red vapours, aflumes the confidence 
of a jelly, and preferves this foftnefs for a certain time. The ni- 
trate of zinc is very deliquefcent. 

The muriatick acid attacks zinc with effervefcence. Hydro- 
genous gas is produced, and black flocks are precipitated, which 
fome chemifts have taken for fulphur, others for iron, and which 
Mr. De Laflbne confiders as an irreducible oxide of zinc. This 
evaporated folution becomes thick, and refufes to cryftallize. 
It fuffers a very concentrated acid to efcape when heated, and 
the muriate itfelf fublimes by diftillation, 

The pure alkalis boiled on zinc ohtain a yellow colour, and 
diflblve a part of the metal, as Mr. De Laflbne has proved. 
Ammoniack digefted in the cold upon this femi-metal, difen- 
gages hydrogenous gas : this evidently arifes from the decom- 
position of the water, which alone, and without any mixture, is 
decompofed upon ignited zinc, as we have already obferved. 

Zinc mixed with the nitrate of pot-aih, and thrown into an 
ignited crucible, caufes this fait to detonate ftrongly. 

Zinc decompofes the muriate of ammoniack by fimple dur- 
ation, according to Mr. Monnet. 

Pott has oblerved that a folution of alum, boiled upon the 
filings of zinc, is decompofed, and affords the fulphate of zinc. 
Zinc fufed with antimony, forms a hard and brittle alloy. 
It unites with tin and copper, and forms bronze ; when com- 
bined with copper alone, it forms brafs. 

It is mixed with gunpowder, to produce the white and bril- 
liant ftars of artificial fire- works. 

It has been propofcd to fubltitute this metal in the room of 
tin, for the internal lining of copper veiiels ; and it is ascertain- 
ed from the labours of Mr. Malouin, that this covering would 
be more uniformly extended upon the copper, and would be 
harder than tin. It has been remarked that vegetable acids 
might diflbJve it, and that thefe falts are dangerous ; but Mr. 
de la Planche has made all the experiments on this fubjecl which 
liis extenfive knowledge, and zeal for the publick good could in- 
ipire ; and he is convinced that the falts of zinc, taken in a 
more confiderable dofe than the aliments prepared in veflels tin- 
ned with this femi-metal might contain, are not dangerous. 
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The fublimed oxide of zinc is much employed by the Ger- 
man phyficians, under the name of Flowers of Zinc. Thi» 
remedy is given as an antjfpafmodick. It may be administered 
in pills, in the dofe of one grain. Tutty, or pompholix, is mix- 
ed with frefh butter, as an excellent remedy in disorders of the 
eyes. 

Mt. De Morveaux has fubftituted the precipitate of zinc to 
white lead, with the greateft advantage. It perfectly anfwer* 
the intention of the artift, and is not attended with any dan- 
gerous confequences in its ufe. 



CHAPTER VII. 

Concerning Manganeje, 

A MINERAL of a, £rey or blackifh colour, foiling the fin* 
gers, and ufed in glafs-houfes under the name of Soap of the 
Glafs-makers, has been long known in commerce. Moft nat- 
uralists, fuch as Henckel, Cramer, Gellert, Cartheufer, and Wal- 
lerius, have placed it among the iron ores. Pott and Cronftedt 
did not confider it as a ferruginous fubftance. The latter found 
it to contain tin ; and Mr. Sage was long of opinion that it was 
an intimate alloy of zinc and cobalt. 

The celebrated Bergmann, in the year 1 764, declared in print, 
that black manganefe ought to contain a peculiar metal ; but 
he attempted in vain to extract it. However, Mr. Gahn, a phy- 
fician at Stockholm, Succeeded in obtaining a metal by the aflilt- 
ance of an exceedingly ftrong fire. We Shall explain his procefs 
after having fpoken of the different forms under which manga- 
nefe is found in the earth. 

Manganefe appears to be always found in the ftate of oxide ; 
but this oxide exhibits Several varieties. 

1. It is fometimes grey, brilliant, and cryftallized, formed of 
very {lender prifms confufedly intertwined, and refembling the 
ore of antimony ; from which however it may be eafily diftin- 
guiflied by expofing it upon charcoal. For antimony iules, and 
affords vapours ; but the manganefe remains unchanged. 

The cryftals of manganefe are itriated, tetrahedral, rhomboi- 
dal prifms, terminating in four-fided pyramids. They fre- 
quently diverge from a centre. 

2. Manganefe is very often black and friable. This fpeci'es 
is found in the cavities of the brown haematites of the Pyrene- 
an Mountains. 
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I have discovered an ore at St. Jean de Gardonenque, in the 
Cevennes. It is prodigioufly light, is found in ftrata, and in 
pieces which almoft always have the figure of an hexahedrat 
prifm, eighteen lines in length, and thirteen or fourteen in 
thicknefs. 

This ore, upon which I have made experiments that I (hall 
prefently recite, is the pureft and fined I am acquainted with. 

3. Manganefe is fometimes of a reddifh white colour, and 
compofed of groups of protuberances. Its fracture is lamellated. 
That of Piedmont frequently has a grey reddifh tinge, and ap- 
pears to be compofed of fmall plates. It gives fire with the 
fteel. 

The Manganefe of Macon in Burgundy is of a deeper grey 
than that of Piedmont. 

That of Perigueux is intermixed with yellow martial ochre. 
It is found in feparate bodies, and not in veins like that of Pied- 
mont. 

4. Mofl of the white fpathofe iron ores contain manganefe, 
and may be confidered as ores of this femi-metal.^ Manganefe 
is likewife mixed with calcareous fpar, gypfum, jafper, haema- 
tites, &c. Mr. De la Peroufe has defcribed thirteen varieties of 
eryftnllized manganefe found in the Pyrenean Mountains — See 
the Journal de Phyftque, Jan. ifZo, p. 67. 

5. Scheele has proved that the afhes of vegetables contain 
manganefe •, and it is to this mineral that the colour of-calcined 
pot-afh is owing. To extract it, three parts of fixed alkali, one 
of fifted afhes, and one eighth of nitrate, muft be f tried together. 
The fluid mixture muft then be poured into an iron mortar, 
where it congeals into a greenifb mafs. This being pounded, 
and boiled in pure water, muft be filtrated, and faturated with 
fulphurick acid. At the end of a certain time, a brown powder 
is depofited, which poflefTes the properties of manganefe. 

To reduce manganefe to the metallick ftate, a crucible is lin- 
ed with charcoal •, and into a hole made in this charcoal, a ball 
of manganefe, previoufly kneaded, with oil and gum ammoni- 
ack, is to be put ; after ' which the hole is to be covered with 
powder of charcoal. Another crucible muft then be fitted on, 
and the vefTel expofed to a violent fire for an hour and a half. 
By following this procefs, I hive feveral times obtained the 
metal from the oxide of manganefe of Cevennes. I have even 
fucceeded in reducing it, by fimply putting ths powder of man- 
ganefe into a lined crucible. 

The button which is obtained almoft always has afperities on 
its furface. Globules appear which fcarcely adhere to the mafs ; 
and thefe portions are ufually of a confideraWy deep green, while 
the internal part has a bluifh caft. 
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This metal is more infufible than iron. I have feveral times 
cbferved, when the fire has not been fufnciently ftrong to fufe 
the manganefe, that feveral globules of iron have appeared dif- 
perfed through the agglutinated oxide. 

Saline fluxes ought to be rejected, as inefficient for this re- 
duction. The great difpofition which this femi-metal has to 
become vitrified, caufes it to be difperfed in the flux, where it 
remains fufpended. I have feveral times by ufing the vitreous 
flux of Mr. De Morveau, obtained metallick grains forming a 
button, or elfe difperfed in the flux ; which, when more narrow- 
ly examined, proved to be nothing but iron, cobalt or other met- 
als, according to the nature of the ore of manganefe. I have 
fometimes obtained even globules of lead ; becaufe the coarfeft 
glafsin which the prefence of that metal is the leaft fufpecled,- 
and which enters into the compofiticn of the flux of Mr. De 
Morveau, contains it very often. 

The fpecifick gravity of manganefe has been eflimated by 
Bergmann, in proportion to that of water, nearly as 6850 to 
1000. 

The oxide cf manganefe, when ftrongly heated in clofe veff- 
cls, affords a prodigious quantity of oxigenous gas, and begins 
to afford it at a degree of heat lefs than is neceffary to difengage 
It from the oxides of mercury : a ftrong fire is required to difen- 
gage the laft portions. Four ounces of the manganefe of Cev- 
cnnes afforded me nine pints of oxigenous gas. The refidue 
In the retort was a grey oxide ; one part cf which <Vas incruft- 
ed in the fufed glafs, and had communicated to it a very rich vi- 
olet colour. 

The oxide of manganefe, diftilled with charcoal, affords the 
carbonick acid ; but, if it be calcined in an open veffel, it is re- 
duced into a grey powder, which lofes confiderable of its weight 
when the fire is very ftrong ; and at length agglutinates, and 
forms a green mafs. 

If it be mixed with charcoal, it does not fuffer any perceptible 
change in its colour. 

Manganefe, expofed to a very violent heat, vitrifies, and af- 
fords a glafs of an oblcure yellow colour. The iron which is 
mixed with it preferves its metallick form. 

Manganefe is eaftly changed in the air, and is refolved into 
a brown powder of a greater weight than the femi-metal itfelf ; 
a certain proof of oxidation. 

Manganefe unites eafily by fufion with all the metals except 
pure mercury. Copper alloyed with a certain quantity of man- 
ganefe is full very malleable* 
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If a mixture of the phofphate of urine with a fmall quantity 
of oxide of manganefe be placed upon charcoal, and be kept in 
fufion for a few inftants by means of the blue interiour flame of 
the blow-pipe, a tranfparent glafs will be produced, of a blue 
colour inclining to red ; which, when charged with a certain 
quantity of the fait, avTumes the colour of a ruby. If it be kept 
in fufion for alonger time, a flight effervefcence is perceived, 
and all the colour difappears. If the tranfparent globule be then 
fofteued by the exteriour flame, the colour foon returns, and 
may be again effaced by keeping up the fufion for a time. The 
fmallefl portion of nitrate, added to the glafs, immediately re- 
ftores the red colour •, and, on the contrary, it is deftroyed by 
the addition of fulphurick falts. This globule of glafs, taken 
from the charcoal, and fufed in the fpoon of perfect metal, be- 
comes red, and changes no more. Thefe experiments were 
made by the celebrated Bergmann. 

The fulphurick acid attacks manganefe, and produces hy- 
drogenous gas. This metal is diffolved more flowly than iron ; 
a fmell is difengaged fimilar to that which is afforded by the fo- 
lution of iron by the muriatick acid. The folution is as colour- 
lefs as water, and affords by evaporation tranfparent colourlefs 
cryftals in the form of parallelopipeds, and of a bitter tafte. 
Mr. Sage obtained them in tetrahedral prifms, terminated by 
four-fided pyramids. This fait efflorefces in the air. 

If the fulphurick acid be poured on the oxide of manganefe, 
and its action aflifted by a gentle heat, an aftonifhing quantity 
of oxigenous gas is difer.gaged. The oxide of manganefe of 
Cevennes afforded me five pints and a half per ounce. When 
this oxide is deprived of its oxigene, the refidue is a white pow- 
der, foluble in water, which by evaporation affords the fulphate 
of manganefe, already defcribed. 

The celebrated Bergmann has obferved that coaly matter, 
fuch as fugar, honey, and gum, affifted the action of the acid. 
This depends on the combination of the oxigene with thefe a- 
gents, to form the carbonick acid ; and the fulphurick acid acts 
more eafily upon the metal itfelf. 

Manganefe is precipitated from its folutions by the alkalis, in 
the form of a wlntifh gelatinous matter-, but this precipitate 
foon lofes its colour, and becomes black by the contact of the 
air. This phenomenon, which I have myfelf been witnefs to 
can be attributed, in my opinion, only to the abforption of ox- 
igenous gas : and I was convinced of this truth by agitating the 
precipitate in bottles filled with this gas j fur in this fituation 
the black colour is produced in one or two minutes, and a con- 
fiderable part of the gas is abforbed. I have conftru^ed an eudi- 
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ometer as certain and as invariable as that which the liquid fui- 
phure of potafh, or folution of liver of fulphur, affords ; but a 
large quantity of precipitate is required which mud be agitated 
againfl the fides of the veffels, in order that it may prefent a 
greater furface to the air, and that the abforption may be more 
fpeedy. I judge of the abforption by caufing the vefiel to com- 
municate, by a graduated tube, with (landing water. The af- 
cenfion of this water in the tube is proportionate to the volume 
ofoxigenous gas abforbed. 

The nitrick acid diflblves manganefe with effervefcence. 
There always remains, a black, fpOngy, and friable body, which 
exhibited to Bergmann all the characters of molybdena. Other 
folvents prefented a fimilar refidue. The folution of the nitrate 
of manganefe has frequently a dull colour, and affiimes the red 
colour with difficulty. This folution does not afford fohd crys- 
tals, even by flow evaporation. 

The oxide of manganefe is foluble in the nitrick acid: It is 
obfsrvable that this acid »s not decompofed upon them, becaufe 
it finds the metal in the ftate of oxide. Carbonick acid is afford- 
ed when coaly fubflances are added to aflift the folution. When 
the nitrous or fuming nitrick acid is ufed, the folution is made 
without the afliflance of thefe coaly fubflances, becaufe the ex- 
cefs of nitrous gas feizes the oxigene of the oxide. Thefe folu- 
tions do not cryftallize. 

The. muriatick acid diflblves manganefe ; but when it is di- 
gefted upon the oxide it feizes the oxigene, and pafles in vapour 
through the water. This vapour is known by the name of Ox- 
igenated Muriatick Acid, whofe properties we have already ex- 
plained. 

The refidue in the retort eonfift's of a portion of acid combin. 
ed with the manganefe. This by evaporation affords a faline 
mafs, which attracts the humidity of the air. 

The fluorick acid with manganefe affords a fait of fparin<r fol- 
ubility, and this acid diflblves but little of it : but by decompo- 
fing the fulphate, the nitrate, or the muriate of manganefe by 
the filiate of ammoniack, a fluate of manganefe is precipitated. 
The fame phenomenon takes place with the phofphoriek acid. 
The acetous acid has but a weak action upon this fubftance. If 
it be digel'led upon the oxide of manganefe, it acquires the prop- 
erty of diflblving copper, and forms the beautiful acetate of cop- 
per, cr cry ftals of Venus \. whereas the fame acid, digefled on 
copper, forms verdigris, or fimply corrodes it. This circum- 
fiance proves that the acetous acid becomes charged with oxi- 
genous gas, by the affi (lance of which it diflblves the copper. 
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The oxalick acid not only diffolves manganefe, but like- 
wife the black oxide of manganefe. The faturated folution de- 
pofites a white powder, if there be not an excefs of acid. This 
/fait is blackened by the fire, but eafily refumes the milky colour 
in the fame acid. The oxalick precipitates it in the form of 
fmall cryftalline grains, when poured into folutions made by the 
fulphurick, nitrick, or muriatick acids. 

The acidulous tartrite of pot-afh diffolves the black oxide, 
even in the cold. The tartrite of pot-afh added to any folution 
whatever of manganefe, occafions a precipitate which is a true 
tartrite of manganefe. 

The carbonick acid attacks manganefe and the black oxide. 
The folution becomes covered in the open air with a pellicle, 
which confifts of manganefe that is feparated and oxided. It is 
white when it does not contain iron. 

If the muriate of ammoniack be diftilled with this oxide of 
manganefe, an elaftick fluid is difengaged, according to the ob- 
fervation of Scheele, which he confiders as one of the princi- 
ples of ammoniack, without determining its nature. Mr. Ber- 
thollet has prqved that, when ammoniack is difengaged by a 
metallick oxide, there is a portion decompoled. The oxigene 
of the oxides unites to the hydrogenous gas of the alkali to form 
water, and the nitvogene gas efcapes. 

Eight parts of oxided manganefe take up by a gentle heat, in 
a glafs retort, three parts of fulphur ; and produce a mafs of a 
greenifh yellow colour, which acids attack with an efiervefcence 
and hepatick fmell. 

Manganefe itfelf does not appear to combine with fulphur. 

In order to feparate iron from manganefe, the alloy mufh be 
diffolved in the nitrick acid, and evaporated to drynefs. The 
refidue mufl be ftrongly calcined, and digefted with weak ni- 
trick acid, and a fmall quantity of fugar. The acid takes up the 
manganefe, which may be precipitated by the carbonate of 
pot-afh. 

The alloy may likewife be put into a folution of the fulphate 
of iron. The acid abandons the iron to unite with the manga- 
nefe. 

The iron having lefs affinity with the acid than the manganefe, 
•nay likewife be precipitated by a few drops of alkalki. 

The oxide of manganefe is chiefly ufed in glafs-houfes, to 
deprive glafs of its green or yellow colour, which foda and fand, 
when fufed together, ufually affume. It has on this account 
been called the Soap of the Glafs-makers. It is alfo ufed to 
colour glafs and porcelain of a violet colour. 
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The confumption of this mineral is become more considerable 
fince the difcovery of the oxigenated muriatick acid, which ha:; 
pointed out its ufes in bleaching of linen, cotton, &c. 



CHAPTER VIII. 

Concerning Lead. 

LEAD is the fofteft, the leaf! tenacious, the lead fonorous^ 
the leaft elaftick, and one of the moft ponderous of metals. A 
cubick foot of lead weighs feven hundred and ninety-four 
pounds, ten ounces, four gros, forty-four grains. Its lpecifick 
gravity is to that of water as 1 15523 to 10000, according to I3rif- 
fon. Its fracture is of a bluifh white colour, darker than that of 
tin, and tarnifhing in the air. It poffefles a peculiar fmell, 
which is rendered perceptible by friclion. 

A gentle heat is fufficient to fufe lead •, and the abbe Mongez 
obtained it in cryftals of the form of quadrangular pyramids, re- 
cumbent on one fide. Some authors affirm that lead is occa- 
fionally met with in the native ftate. Wallerius mentions three 
pieces of this kind. The German mineralogifts likewife affirm 
that it has been found native in Villach in Carinthia. Mr. 
Genffane found in Vivarais, in four places, at Serremejanes, at 
Fayet near Argentiere, at St. Etienne de Boulogne, and near 
Villeneuve d,e Berg, •< grains of native lead, from the fize of a 
« chefnut to an almoft imperceptible degree of fmallnefs ; they 
«• are all included in a very ponderous metallick earth, which is 
« precifely of the colour of the afhes of beech, or of litharge 
« reduced to an impalpable powder. This earth may be cur, 
«« with a knife, but requires the hammer to break it." He 
found pieces which contained a fubltance fimilar to a litharge 
in their internal part. 

Linnaeus fpeaks likewife of a native lead in cryftals. — Moft 
naturalifts agree to confider native lead as of a very problemat- 
ical exiftence. The various famples found in cabinets are prob- 
ably owing to ancient mine works. Time has changed their 
•appearance, and incrufted them with various matters, which 
feem to prove that they do not owe their formation to the ac- 
tion of fire ; and this is the circumftance which may have im- 
pofed on certain naturalifts. 

1. Lead is ufually mineralized by fulphur j and this ore is 
known by the name of Galena, 

It ufually cryftallizes in cubes, and in ail the varieties of that 
figure. 
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Galena is diftinguifhed into feveral fpecies. 1. Large diced 
galena. 2. Small diced galena. 3. Scaly or plated galena, 
4. Compact galena, in imall brilliant grains refembling fteeh 
It does not appear to be lamellated. 

Thefe diftinctions are more efpecially necefTary to be attended 
to, becaufe the fpecies are very different in richne(s, and the al- 
loy of filver, which is infeparable from galena. In general, the 
large diced galena is poor in filver, and is ufed to give a glaze 
to pottery, by the name of Alquifoux, or potters lead ore. That 
which is in fmall grains is richer, and is wrought as a lead ore 
containing filver. 

Galena is the only fpecies of lead ore which is worked ; and 
we (hall relate all we have to fay concerning the working and 
affay of lead ores after having fpoken of the other ores. 

2. Lead has been found mineralized by the fulphurick acid. 
Mr. Monnet has called this ore the pyritous lead ore. It is fri- 
able, dull, black, and almoft always cryftallized in very long 
needles, or in ftalactites. It efflorefces in the air, and affords a 
true fulphate of lead. This appears to be of the nature of gal- 
ena : for as the fulphate is not developed but by the efflorefcence 
of the ore, it may be concluded that the fulphurick acid does 
not exift in the virgin ore itfelf. 

Lead mixed with iron is fometimes combined with the ful- 
phurick acid. A large quantity is found in the ifland of Angle- 
lea. It cannot be reduced upon charcoal with the blow pipe, but 
it fufes into a black glafs. — Dr. Withering has indicated this 
pre. 

3. The carbonick acid very often mineralizes lead, and ex- 
hibits fome varieties which we mall proceed to defcribe. 

A. The white lead ore. — This is almoft always found in the 
cavities of decompofed galena, or in the veins of powdery {tone 
containing galena. It is heavy, and frequently of a greafy col- 
our ; decrepitates in the fire ; and is eafily reduced by diftilla- 
tion, affording only water and the carbonick acid. Its form is 
almoft always cryitalline, but varies prodigioufly. The primi- 
tive form appears to be a dodecahedron, with ifofceles triangular 
planes. 

I have feen cryftals accurately of the form of an hexahedral 
prifm fometimes terminated by a iix-fided pyramid. The ores 
of St. Sauveur in the Cevennes have afforded us this variety ; 
Mr. Sage poffefics white lead ore of Geroldteck cryltallized in 
cubes. 

White lead as transparent as flint glafs has been found Irj 
■ nd and in Siberia. 
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The analyfis of the white lead of Siberia afforded Mr. Mac- 
quart, per quintal, fixty-feven parts lead, twenty-four carbomck 
acid, fix oxigene, and three water. 

B. Green lead ore.— This differs from the foregoing only in 
the modifications produced by the colouring principle, which is 
copper, according to Spielman ; and iron, according to the 
greateft number of chemifts. Its form is ufually that of a trun- 
cated hexahedron j and this ore is not fo eafily reduced as the 
white ore. j, - c 

C. The black ore of lead.— Lead may return to the itate ot 
galena by reluming the fulphur it had loft ; and this regeneration 
is not rare. It is enough that any hepatick vapour mould ftnke 
the ore to effea this converfion. The ores of Tfchopau m bax~ 
ony, and thofe of Huelgoet in Lower Bntany, exhibit hne m- 
ilances of this phenomenon. . . • 

The gradations. or intermediate fpecimens of thefe d liferent 
ores, eftablifti an infinite number of fpecies, which the naturalift 
can never admit but as varieties. The tranfition of the white 
lead ore, to the black pre exhibits gradations of colour which it 
would be very fuperfluo as to defcribe. 

In the year 1 766, Mr. Lehmann defcribed a new fpecies of 
lead ore, called Red Lead. It was found in Siberia, in the en- 
virons of Catherineburg. Its cryftals are grouped, and adherent 
to quartz, to copper ores, or iron ; and fometimes to galena, 
with cryftals of white and green lead. It is frequently crystal- 
lized in rhomboidaltetrahedralprifms, fhort, and truncated ob- 
liquely. . 

Mr. Sage has confidered this lead ore as a variety of the pre- 
ceding fpecies, coloured by iron, of which Mr. Lehmann has 
proved the exiftence. The abbe Mongez thinks it is mineraliz- 
ed bv the arfenical acid. t 

Mr. Macquart has given us the mod valuable information 
reletting the red lead ore •, and has proved by an accurate 
analyfis that it contains, in the quintal, lead thirty-fix, oxigene 
thirty -feven, iron twenty-five, and alumine two. 

.1. The phofporick acid has likewife been found naturally 
combined with lead. This ore, difcovered by Gahn, owes its 
arecn colour to iron. It does not effervefce with acids. In or- 
der to affay it, it muft be diffolved in the nitrick acid by the af- 
fiftance of heat, and the lead may then be precipitated by the 
fulphurick acid. The fupernatant liquor being decanted off, 
and evaporated to drynefs, affords the phofphonck acid. 

This ore melts by the blow-pipe, and affords an opaque glob- 
ular mafs without reduaion. _ Its habitudes with fluxes re- 
femhle thofe of lead and its oxides. 
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Mr. De la Metherie has informed us that Mr. * * * an Eng- 
iifli gentleman, by treating lead ores with the blow-pipe, had 
obfcrved that there was one whofe globule cryftallized by cool- 
ing, after having been in perfect fufion ; and that thele ores 
were not reducible by the blow-pipe. He fufpecled they were 
mineralized by the phofphorick acid. Mr. De la Metherie and 
this gentleman took feven ounces of the green lead ore of Hoffs- 
gruard, near Fribourg in Brifgaw ; which, when treated by the 
foregoing procefs, afforded them phofphorick acid. The phof- 
phorick acid combined with minium afforded them a green 
Compound. 

The decompofition of the ores which we have defcribed fre- 
quently affords the oxides of lead, or calciform ores. 

Thefe oxides at firft afford a powder which, being carried a- 
long by waters, often mixes with argillaceous, calcareous, or 
quartzofe earths. 

Thefe oxides vary more particularly in their colour, which 
aflimilates them more or lefs perfectly to certife, mafficot, or 
minium. 

In order to make the affay of a galena, it muft be pulveriz- 
ed and torrefied. The torrefied mineral, mixed with three 
parts of black flux, affords by fufion a metallick button, which 
indicates the proportions of the lead in the quintal of the ore. 

Bergmann propofes to make the affay of fulphureous lead 
ores by the nitrick acid, which diffolves the lead and not the 
fulphur. The folution is then robe precipitated by the carbon- 
ate of foda ; and one hundred and thirty-two grains of the 
precipitate are equivalent to one hundred of the metal. 
If the ore contains filver, ammoniack is to be digefted on the 
precipitate, from which it diffolves the oxide of filver. 

The various operations to which lead ore is fubjefted to ob- 
tain the lead, are — f. It is forted, to feparate the rich or pure 
©re from the pulverized matter, and the gangue which contains 
no metal. 2. The ore is pulverized, and its gangue feparated by 
waffling. 3. The ore is roafted in a reverberatory furnace, with 
occafional agitation, that it may prefent all its furfaces to the air " r 
and when the external part begins to affume the form of a pafte, 
it is covered with charcoal, the mixture is ftirred, and the heat in- 
creafed. The lead then runs on all fides, and is collected at the 
bottom of the furnace, which is pierced, and permits the metal 
to flow into a receptacle properly defended by a lining of charcoal. 

The fcorijc, which ftill retain much lead are fufeel by a Watt 
furnace : the lead is cad into pigs for fitle. 

To difengage the filver which the lead may contain, it is car- 
ried to the refining furnace 5 where, by the united energy of 
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fire, and the wind of bellows directed upon the melted lead, the 
metal is converted into a yellow fcaly oxide, called Litharge. 
This litharge is driven off in proportion as it forms ; and the 
filver remains alone in the middle of the cupel. The colour 
caufes a diltinction of the litharge into litharge of gold, or 
litharge of filver. When the litharge is fufed in contact with 
charcoal, it refumes its date of metal ; and the lead is fo much 
the better, in proportion as it has been deprived of the filver it 
contained. The fmalieft alloy of fine metal renders it brittle. 

Lead is fufible by a gentle heat. If it be kept for fome time 
in fufion, it becomes covered with a grey oxide ; which, when ex- 
pofed to a more violent heat capable of keeping it ignited, af- 
fumes a deep yellow colour, in which Hate it is called Mafficot. 
Mafficot may be converted into the red oxide, or minium, by 
the following proceis. When the lead is converted into maffi- 
cot, it is thrown out and cooled by pouring water upon it ; after 
■which it is carried to the mill; and ground into very fine powder, 
which is wafhed in water. The particles of lead which could 
not be pulverized in the mill, remain in the veffel where the 
■wafhing is performed. 

This oxide of lead is fpread out upon the hearth of the furnace 
in which it is calcined. Lines are drawn on its furface ; and it 
is ftirred from time to time, that it may not clot together ; and 
the fire is kept up for forty-eight hours. When the minium is 
taken out of the furnace, it is put into large fieves of wood, and 
paffed through very fine net work, or cloth of iron wire, placed 
over the cafe which receive the minium. We are indebted to 
Meffrs- Jars for this information, who have given very curious 
details refpecting the manufactories of minium in the county 
of Derby. 

Mr. Geoffroy was of opinion, that* in order to form minium, 
no greater heat was required than one hundred and twenty de- 
grees of Reaumur's thermometer, but this heat is not adapted 
to works on a large fcale •, for in thefe the roof of the furnace 
is kept at a red heat. The lead increafes in weight ten per cent 
by the calcination. 

All thefe oxides, urged by a ftronger heat, are converted into 
a yellow glafs, fo very fufible, that it penetrates and deflroys the 
belt crucibles. It is ufed in glafs-houfes, on account of its fufi- 
bility, not only to >mit the fufion, but likewife to render the 
glafs fofter, more ponderous, of a more unctuous feel, and more 
iufceptible of b:ung cut ami poiifhed. Thefe are the rcafons for 
which it i? made a part of the compofition of flint glafs, an \ 
cryftal glafs. 
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The oxides of lead, diftilled without addition, afford oxige- 
nous gas by a violent heat. — Prieftly obtained it from minium, 
part of which was converted into globules of metal. 

When thefe oxides are fufed with coaly matter, the metal be- 
comes revived. 

The fulphurick acid boiled upon lead affords much fulphure- 
ous acid ; and an oxide is formed, which arifes from the com- 
bination of the oxigene of the acid with the lead. A portion of 
the lead is neverthelefs diffolved ; for if a fufficient quantity of 
water be poured on the refidue, a very cauftick fait is obtained 
by evaporation, in tetrahedral prifms, foluble in eighteen times 
their weight of water. This iulphate is decompofed by fire, 
lime, the alkalis, &c. 

Very hot fulphureous acid, poured into a leaden veffel, cor- 
rodes and deftioys it inftantly. 

The concentrated nitrick acid is readily decompofed upon 
lead, and converts it into a white oxide ; but when the acid is 
weak it diffolves the metal, and forms cryftais of an opaque white 
in the form of fegments of a three-fided prifm. I have fpeci- 
mens of the nitrate of lead in my laboratory, which poffefs the 
form of truncated hexahedral prifms 5 three of the fides being 
broader than the others, and exactly fimilar to thofe which Mr. 
De Fourcroy obtained by infenfible evaporation. 

This fait decrepitates in the fire, and is fufed with a yellow- 
ifh flame upon ignited coals. The oxide of lead becomes yellow, 
and is reduced into globules. or metal. Sulphurick acid takes 
lead from the nitrick acid. 

The muriatick acid, affifted by heat, oxides lead, and diffolves 
a portion. This fait cryflallizes in ftriated hexahedral prifms. 

This muriate is flightly deliquefcent. Lime and alkalis de- 
compofe it. 

The fame acid poured on litharge decompofes it inftantly. 
Fifty or fixty degrees of heat are produced. The folution af- 
fords fine octahedral cryftais, of an opaque white colour, a ftyp- 
tick tafte, and of very confiderable weight. 

This fait decrepitates on the coals ; and when the fire is in- 
creafed, its water of cryftallization efcapes, and it becomes con- 
verted into a mafs of a beautiful yellow colour. 

Three parts of water, at fifteen degrees of temperature, dif- 
folve one part ; and boiling water more than its weight. 

The pure alkalis precipitate it in the form of a magma, which 
occafions a kind of miraculous mundi. 

The affinity of the muriatick acid with the oxide of lead is fo 
ftrong, that it is capable of decompofing all its combinations. 
Minium or litharge decompofes the muriate of ammoniack. 
2...R 
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The fame oxides, triturated with marine fait, feparate the foda -+ 
and it is upon thefe fafts that Mr. Turner and .others have ef- 
tablifhed manufactories for procuring foda by the decompofiiort 
of marine fait.* 

The muriates of lead, calcined or fufed, afford a pigment of 
a beautiful yellow colour. The manufactories of foda have af- 
forded a very confiderable quantity, which is fubftituted inftead 
<f the fine Naples yellow. 

4. The acetous acid corrodes lead ; and affords a white ox- 
ide known by the name of white lead. 

To prepare this colour, the led is melted, and caft into plates- 
about half a lime in thicknefs, four or five inches wide, and two 
feet long. Thefe are rolled up in a fpiral form, in fuch a man- 
ner that the revolutions remain at the diftance of half an inch 
from each other. They are then placed in pots, upon three 
points, which project from the infide at about one third of the 
height. Malt vinegar is poured into thefe pots to the height of 
the bottom of the lead, and they are buried in dung beneath 
fheds. A great number of thefe are difpofed befide each other, 
and feveral ftrata are formed. Care is taken to cover each pot 
With a plate of lead and boards. At the expiration of a month: 
or fix weeks they are taken out, anxl the white lead is feparated. 
This white calx is then ground in mills, and afterwards put in- 
to a vat, from which it is taken out to dry. The drying is per- 
formed in the fhade, becaufe the fun impairs the colour. For 
this purpofe it is put into fmall conical earthen pots ; and when 
fufliciently dry it is wrapped in paper, and diftributed forfale. 

Cerufe does not differ from white lead, excepting that a more- 
or lefs confiderable quantity of chalk is mixed with it. 

All the oxides of lead are foluble in vinegar. The folution 
of the acetate of lead, duly concentrated, cryftallizes in efRor- 
efcent tetrahedral prifms ; and forms the fait of faturn, or fugar 
of lead. 

Cauftick alkalis diffolve the oxides of lead, and the metal may- 
be precipitated by the addition of acids. When the alkaline 
folution is concentrated, the lead re-appears nearly in the me- 
tallick form, and the alkali is found to have acquired a faint and' 
very peculiar tafte. 

* I do not hear that foda has been feparated from common fait by a 
method fufficiently cheap for the purpofes of commerce, ft is univer- 
fally underftood that Mr. Turner's profits arife from the fale of the com- 
bination of muriatick acid with the lead, which forms the yellow pigment 
known in London by the name of Patent Yellow. It may be produced 
fimply by the fufion of litharge and common fait ; the alJcali being 
tilized, and driven off, if th: fire La fufficiently intenfe. T. 
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The ufe« of lead in the arts are multifarious. It is ufed to 
imake water pipes, boilers, coverings for the roofs of buildings, 
;tea-cheiU and other articles of package. It is rendered proper 
for thefe ufes, either by laminating it, or by caufing it to flow 
out upon a bed of fand well rammed and levelled, or upon the 
■cloth cailed ticking. 

It is likewife ufed tcmake bullets and fmall fhor. The bul- 
lets are call in moulds ; but the fmall {hot is made in the fol- 
lowing manner : — Lead is tufed with a fmall quantity of arfen- 
ick, 10 render it more brittle ; and when its temperature isfuch 
as to admit of a card being plunged in it without burning, it is 
poured into a kind of culiender, pierced at the bottom with ma- 
ny holes, and containing lighted charcoal \ this cullender is 
held over water; and the dead affumes a round form as it 
^enters this liquid. 

Lead is ufed in the tinning of capper veifels. This is a per- 
nicious fraud fupported by euftom, and -tolerated by the want of 
vigilance in the police. It is the more dangerous from the cir- 
cumftauce that fats, oils, and vinegar, corrode or diflblve lead, 
which by that means becomes mixed with the aliments. 

Lead ore is likewife ufed to glaze pottery. For this purpofe 
galena is pulverifed, and mixed with water. The veflel intend- 
ed to be glazed is dipped into this fluid, after having been ex- 
pofed to a firft baking. It accordingly becomes covered with 
-the galena ; which, when expofed to a violent heat, pafles to 
-the ftate of glafs, and forms a covering of the glafs of lead 
over the whole furface. This procefs is attended with the in- 
convenience of introducing a dangerous poifon into our culina- 
ry vcflels whofe effects on the health of individuals cannot but 
•be fenfibly felt. 

Oxided lead enters into the cempofition of glaffes, cryftals, 
.and enamels. It poflefles the advantage of facilitating the fu- 
fion, and giving the glafs an unclous feel, and a degree of foft- 
nefs, which lenders it capable of being cut and polifhed. 

White lead and ctrufe are ufed by painters. Thefe oxides 
poffefs the lingular advantage of not being perceptibly altered 
by their mixture with oil ; and form, by iheir whitenefs and bo- 
dy, a bafis or receiver which is very fuitable for a variety of col- 
ours. The workmen who grind thefe colours are ailecled by 
them ; aud fooner or later become fubjecf to the painters colick, 
colua piclorum. 

Litharge is at prefent ufed to decompofe fea fait ; and the 
muriate of lead by fufion forms a fuperb ysJlov/, very much em- 
ployed in varnifh colours. 
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8. Cerufc is likewife much ufed for drying up habitual moif- 
turc of the flcin, and for flight burns. It is applied to the fkin 
in the form of powder, and there is no remedy more fpeedy. 

The fait of faturn, or fugar of lead, is almoft entirely ufed by 
the callico printers. 

The vinegar of faturn, or the vegeto-mineral water of Mr. 
Goulard, is a very proper aftringent in the confequences or re- 
mains of venereal diforders : it is likewife ufed to wafli burns 
and ulcers, and to facilitate their cure. 

This extract is likewife ufed to clarify liquors, and to deprive 
brandies of their colour ; an evil practice which has been com- 
mon for fome years at Sette, though prohibited under heavy 
penalties. — The wine merchants avail themfelves of this com- 
pofition but too often, or of litharge, to render their four wines 
fweet. This fraud was prodigioufly common at Paris in the 
year 1750; and it was proved that, in the interval of three 
years, thirty thoufand muids of vinegar had been thus fweeten- 
ed, and fold for wine. 

The oxides of lead are likewife ufed to harden oils, or to ren- 
der them more drying. In this operation the oxigene of the 
oxide combines v/ith the oil, and caufes it to approach nearer 
to the nature of refins. There is likewife a folution of lead ii\ 
oils, which feryes as the bafis of plafters. 
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Concerning Tin. 

TIN is a metal of a white colour, intermediate between that 
of lead and filver. It is very flexible, and produces a crackling 
noife when bended. No other metal poflefles this property ex- 
cept zinc, in which it is infinitely kfs marked. 

This metal is very foft, and the lighted of any of the entire 
metals. The fpecifick gravity of fufed tin is 7.2914, according 
to Briflon 

A cubick foot of this metal weighs about five hundred and 
ten pounds. It is very ductile under the hammer ; and its te- 
nacity is fuch, that a wire one tenth of an inch in diameter is 
capable of fupporting forty T nine pounds eight ounces without 
breaking. Mr. De la Chenaye has cryftallized tin after feveral 
repeated fufions -, he obtained by this means an aflemblage of 
prifms united together fideways. 



Ores of Tin. 32c 

Tin has been found in the metallick ftate in the bowels of the 
earth. Mr. Sage poflefles a fpecimen from the mines in Corn- 
wall, and Mr. De Lille like wile has one in his collection. This 
tin fo far from exhibiting any trace of fufion, has the external 
appearance ofmolybdena : it is eafily broken j but the detached 
pieces may be flattened by the hammer. 

Tin ore is either white or coloured. 

1 . The white tin ore, which has been often confounded with 
tungften, cryftallizes in octahedrons. Its texture is lamellated, 
and it frequently includes portions of reddifh tin ore. That of 
Cornwall afforded Mr. Sage fixty-four pounds of tin in the quin- 
tal. 

1. The coloured tin ore, does not differ from the preceding, 
excepting that it contains iron, and fometimes cobalt. This ore 
ufually has the form of irregular polyhedrons. 

Thefe ores afford carbonick acid by diftillation when expofed 
to fire in a crucible. They decrepitate, lofe fomewhat of their 
colour, and become one tenth lefs heavy. 

Bergmann found fulphureous tin among the minerals he re- 
ceived from Siberia. He affirms that this was of a golden col- 
our externally, refembling aurum mufivum ; and internally it 
prefented a mafs of radiated, white, brilliant, brittle cryftals, 
which afiumed changeable colours on expofure to the air. 

To aflay a tin ore nothing more is neceffary than to fufe it in 
the midft of the coals. Calcination in the open fire diflipates 
much of the metal, according to the obfervation of Cramer. 

In the working of tin ores, the mineral mult be forted very ex- 
actly ; after which it is to be pulverized, and walhed upon tables 
covered with cloth. By agitation with a wifp or broom, the gan- 
gue is fufpended or carried away by the water, and the tin ore 
remains alone. 

The furnace made ufe of in Saxony for the fufion of tin ore, 
is a variety of the blaft furnace, on the hearth of which is a 
groove to receive the melted metal, and convey it into a bafon 5 
whence it is taken to be cart in moulds of copper or of iron. 

The tin ores of Cornwall are frequently mixed with copper, 
and arfenical pyrites. The quartz, which is its gangue is very 
hard ; and on this account the operation is begun by torrefac- 
tion of the ore before it is pulverized. After the ore is wafhed, 
a feparation of the magnetical iron is effected by means of load- 
ftones. The ore is ufually fufed in the reverberatory furnace. 

In Saxony, and in England, the fcorise are three times fufed 
to feparate the tin, after which they are pounded to feparate the 
laft portions of metal. As the vein of tin in the mines of Corn- 
y/all is always mixed or accompanied with a vein of copper, the 
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-tin muft contain this latter metal, however great the precautions 
which may be attended to in the working. 

We are acquainted with three kinds of tin in commerce. 
|i i. Pure tin, fuch'as that of Malacca, of Banca, and the fof* 
tin of England. The tin of Malacca is caft into moulds which 
give it the form of a quadrangular truncated pyramid, with a 
fmall rim at its bafe. It is called, in France, Etain tu CJjapeau, 
-or en Ecritoire. Each ingot weighs one pound. The tin of 
Banca is In the form of oblong ingots, weighing from forty to 
iorty-five pounds each. 

2. The Englifh tin, in large pigs, is jcait into (licks of ten or 
twelve lines in diameter, and a foot and a half long. 

3. The tin of the pewterer3 is alloyed with various metals. 
The law in .France permits them to add copper and bifnmth ; 
and they of their own authority add zinc, lead, and antimony. 

Every kind of tin enters into fufron with considerable lacility, 
for it is the moil fufrble of the metals. If it be kept in fufion 
for a fhort time, expofed to the action of the air, the furface be- 
comes wrinkled, and covered with a grey pellicle. If this firft 
■covering be taken off, the tin appears with all its brilliancy ; but 
icon becomes dull, and is oxided again. Tin gains one tenth of 
its weight by this calcination. When the oxide is white it is 
then called Putty. It is this oxide of tin which the makers of 
pewter fpoons who ufually travel over the country, call the Drofs 
of Tin. They are very careful to fcum the metal as often as 
poflible, to clear it of the drofs ; and by this means they avoid 
giving the peafant any more of his old pewter than that which 
they cannot contrive to take away from him. They are very 
well acquainted with the art of fufing this pretended drofs into 
good tin, by heating it in contact with charcoal. 

i he putty of tin is ufed to polifh hard bodies : and to render 
glafb Opaque, which converts it into enamel. Tin takes fire by 
a violent heat, according to Geoffroy ; and a white oxide fub- 
liines, while part of the tin is converted into a glai's of a hyacin- 
th; ne colour. 

If tin be kept in fufion in a lined crucible, and the furface be 
covered with a quantity of charcoal to prevent its calcination, 
the metal becomes whiter, more fonorous, and harder, provided 
the fire be kept up for eight or ten hours. 

Tin, and feveral other metals, may acquire a brilliancy they 
do not ufually poffefs, by pouring them out at the moment be- 
fore they would congeal in the crucible. This treatment fe- 
cures them from the oxidation they fuffer in cooling, when 
they are poured out too hot ; and by this method, which is 
' very fimple, I have procured to tin and lead a degree of brillian- 
cy which they would hardly be thought capable of exhibiting. 
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Tin, diftilled in clofe vefllls, affords a white fublimate in the 
jieck of the retort, which Margraff took for arfenick j but 
Meflrs. Bayen and Charlard have proved that it was not that 
fubltance. 

The action of acids upon tin varies according to the degree 
of purity of the metal. 

The fulphurick acid of commerce diffjlves tin, by the afTifb- 
ance of heat ; but part of the acid is decompofed, and flies off 
in the form of very penetrating fulphureous acid. Water alone 
precipitates this oxided metal. Mr. Monnet has obtained crys- 
tals by calcination, which refemble fine needles, interlaced a- 
mong each other. The fulphurick acid diffolves the oxide o£ 
tin much better. 

The nitrick acid devours tin. The decompofition of this fol^ 
rent is fo fpeedy, that the metal is feen to be precipitated, al- 
moft inftantly, in a white oxide; If this acid be loaded with all 
the tin it is capable of calcining, and the oxide be wafhsd with 
a confiderable quantity of diftilled water, a fait may be obtained: 
by evaporation, which detonates, alone in a crucible well heated, 
and which burns with a white and thick flame, like that of a 
phofphorus. The nitrate of tin, diftilled in a retort, fwells up* 
boils, and fills the receiver with a white and thick vapour, which 
has the fmell of nitrick acid. 

Mr. Baume even pretends that the nitrick acid does not dif- 
folve tin j but Kunckel, and the famous Rouelle, have main- 
tained the contrary. Meflrs. Bayen and Charlard diffolved five 
grains in two gros of pure nitrick acid, diluted with four groa 
of diftilled water. 

The muriatick acid diffolves tin, whether cold or heated. 
During the effervefcence, a very fetid gas is difengaged. 

The folution is yellowifh, and affords needle-formed cryftals 
by evaporation, which attracts the humidity of the air. Mr. 
Baume prepared this faft in a large way for the callico printers. 
Out of twelve pounds of tin, diffolved in forty-eight pounds of 
acid, he had a refidue of two ounces fix gros of a grey and folu- 
blf powder, which Margraffhad taken for arfenick. Mr. Bau- 
me has obferved that the cryftals of the muriate of tin differ ac- 
cording to the ftate of the acid. He obtained cryftals fimilar 
to thofeof the fulphate of foda, in needles, or is fcalcs like thofe 
of the acid of borax. Mr. Monnet aflerts that he obtained, by 
th* difliHr.tba of a muriate of tin, a fat matter, a true butter of 
tin, and a liquor refembiing that of Libavius. 

The oxigenated muriatick acid difiblves tin fpeedilv ; and the 
fait which it produces, poffefles all the characters of the ordina- 
ry murfcte, according to Mr De Fourcroy. 
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That which is known by the name of the Fuming Liquor of 
Libavius, appears to me to be a muriate of tin, in which the acid 
is in the (late of the oxigenated muriatick acid. To make this 
preparation, tin is amalgamated with one fifth of mercury ; and 
this amalgam in powder is mixed with an equal weight of cor- 
rofive fublimate. The whole is then introduced into a retort, a 
receiver adapted, and diftillation proceeded upon by a gentle heat. 
An infipid liquor pafles over firft, which is followed by a fudden 
eruption of white vapours, which condenfe into a tranfparent 
liquor, that emits a confiderable quantity of vapours, by mere 
expofure to the air. The refidue in the retort, for an analyfis 
of which we are indebted to Mr Rouelle the younger, confifts 
of a flight lining in the neck of the retort, which contains a 
fmall quantity of the fuming liquor, fomc muriate of tin, muri- 
ate of mercury, and running mercury. The bottom of the vef- 
fel contains an amalgam of tin and mercury ; above which lies 
a muriate of tin of a grey white, folid and compact, and which 
maybe volatilized by a ftrong heat. 

The nitro- muriatick acid diffblves tin with vehemence : a vi- 
olent heat is excited ; and it frequently happens that a magma 
is obtained refembling pitch, which becomes harder in the pro- 
cefs of time. This happens when the very concentrated acid 
has diilblved too much of the metal •, and thefe inconveniences 
may be obviated by adding water in proportion as the folution 
proceeds. 

The folution of tin which conftitutes the compofition for 
fcarlet, is made with the common aqua-fortis, prepared with 
faltpetre of the firft boiling. This is a kind of nitro-muriatick 
acid, which unfortunately varies in its properties, according to 
the two variable proportions of muriate of foda and nitrate of 
pot-afli. For this reafon, the dyers are continually making 
complaints, either that the aqua-fortis precipitates, which hap- 
pens when it contains too fmall a quantity of muriatick acid ; 
or that it affords an obfeure colour, which depends on an excefs 
of the fame acid. The firft inconvenience is remedied by dif- 
folving fea fait, or fal ammoniack, in the aqua-fortis j and the 
fecond by adding faltpetre. 

The moft accurate proportions to make a good folventfor tin, 
are, two parts of nitrick acid, and one of muriatick acid. 

Tin is Iikewife foluble in the vegetable acids. Mr. Schultz, 
in his diflertation De Morie in O/in, has demonftrated the folu- 
bility of this metal in acids. Vinegar corrodes it by a gentle 
heat, according to the experiments of MargrafF. 

Moft of the tin in commerce is alloyed with various metals. 
That of England contains copper and arfenick artificially, ac- 
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cording to Geoffrey ; and naturally, according to the Baron 
Dietrich, Sage, &c. The tin of the plumbers or pewterers, 
called Pewter, contains feveral metals. The ordonnance in 
France permits them to add a fmall quantity of copper and Bif- 
mufh. The flvft metal renders it hard ; and the latter reftores 
the brightnef:; which would clie have been impaired by the cop- 
per, and renders it more fonorous. The pewterers take upon 
themfelves to add antimony, zinc and lead ; the antimony har- 
dens it, the zinc renders it whiter, and the lead diminifhes its 
value. It is a defirable circumftance to poffefs the means of as- 
certaining the nature and proportions of thefe alloys. We are 
indebted for the following proceffes to Meffrs. Bayen and Char- 
lard. 

A. When tin contains arfenick, the folution in the muriatick 
acid exhibits a black powder, which conGits of arfenick feparated 
from the tin. This method is capable of rendering the two 
thoufand and forty-fecond part of alloy perceptible. 

B. If the tin contains copper, the muriatick acid, which at- 
tacks tin with facility, precipitates the copper in the form of a 
grey powder, provided there be no accefs of acid, and the fo- 
lution be made without heat. The copper is likewife precipi- 
tated by a plate of tin immerfed in the folution. 

C. Bifmuth is (hewn by the fame procefs as the copper. 

D. To afcertain the mixture of lead, the nitrick acid muft be 
ufed, which corrodes the tin, and diffolves the lead. 

The pewterers have two methods of affaying this metal. 
1. The affay of the (tone, which confifts in pouring it into a 
hemifpherical cavity made in a calcareous (lone, and terminating 
in a channel or groove. The workman attentively obferves the 
phenomena of its cooling ; and from thefe circumftances, as 
well as from the crackling or noife which the tail of the affay 
affords when bended, he judges of the purity of the metal. 

2. The affay by the ball confifts merely in a comparifon of 
the weight of pure tin with that of adulterated or alloyed tin, 
poured into the fame mould. 

It cannot but be immediately perceived that thefe methods 
are very imperfect. 

The various metals which are prejudicial to health, are not 
added to the tin in a fufficiently great proportion to produce any 
dangerous effects. It feems that Margraff was deceived by fome 
foreign circumftance, when he affirmed that the tin of Morlaix 
contains thirty-fix grains of arfenick in the half ounce ; for this 
quantity is more than fufficient to render the metal as brittle as 
zinc. Meffrs. Bayen and Charlard found no arfenick in the tin 
of Banca and of Malacca. The tin of England never contains 
2...S 
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more than three fourths of a grain of arfenick in the ounce of 
metal ; and fuppofing this to be the maximum, the daily ufe of 
tin cannot be dangerous ; fince a plate in which arfenick exifted 
in this proportion, loft no more than three grains per month by 
conftant ufe, which amounts to the five thoufand feven hundred 
and fixtieth part of a grain of arfenick loft daily. The experi- 
ments which thefe two fkilful chemifts have made upon animals, 
by mixing arfenick in larger proportions with tin, are fufficient 
to remove every apprehenfion concerning the ufe of this metal. 

The lead alone may be productive of dangerous confequences, 
becaufe the pev/terers add it in a very considerable proportion. 

The combination of tin with fulphur forms aurum mufivum, 
or mofaick gold. The procefs for making it which has belt fuc- 
ceeded in my hands, is that defcribed by the Marquis de Bul- 
lion. It confifts in forming an amalgam of eight ounces of tin 
and eight ounces of mercury. For this purpofe, a copper mor- 
tar is heated, and mercury poured into it : and when it has ac- 
quired a certain degree of heat, the melted tin is poured in, and 
the mixture agitated and triturated till cold. Six ounces of ful- 
phur, and four ounces of fal ammoniack, are then mixed ; and 
the whole put into a mattrafs, which is to be placed on a fand 
bath, and heated to fuch a degree as to caufe a faint ignition in 
the bottom of the mattrafs. The fire muft be kept up for three 
hours. The aurum muOvum thus obtained is ufually beauti- 
ful : but if, inftead of placing the mattrafs on the fand, it be 
immediately expofed upon the coals, and ftrongly and fuddenly 
heated, the mixture will take fire, and a fublimate will be form- 
ed in the neck of the veffel, which confifts of the moft beautiful 
aurum mufivum. I have obtained it by this procefs of a daz- 
zling colour in large hexagonal fcales. 

The mercury and the fal ammoniack are not in ftridtnefs 
neceffary to the production of aurum mufivum. Eight ounces 
of tin difiblved in the muriatick acid, precipitated by the carbo- 
nate of foda, and mixed with four ounces of fulphur, produced 
the Marquis of Bullion a fine aurum mufivum : but this is not 
capable of increafing the effects of the electrical machine, which 
proves that the compofition owes its virtue in that refpect to 
the mercury it contains in the proportion of fix to one, when 
prepared in the former procefs. This preparation is ufed to 
give a beautiful colour to bronze, and to increafe the effects of 
the electrical machine by rubbing the cufhions. 

The Baron Kienmayerhas defcribed the following amalgam, 
compofed of two parts of mercury, one of zinc, and one of tin. 
— The zinc and the tin are to be fufed, and mixed together 
with the mercury j and the mixture agitated in a wooden box, 



Silvering of Glajfts. Iron. 331 

internally rubbed with chalk. The mafs is then to be reduced 
to a fine powder ; and employed in that Itate, or mixed with 
greafe. The effect of this amalgam is furprifing ; for by this 
means the power of electrical machines is inconceivably aug- 
mented. 

The amalgam of tin is capable of crystallization. Mr. Sage's 
procefs confilts in pouring two ounces of melted tin into a 
pound of mercury. After having introduced this mixture into 
a retort, he urged it by a violent fire for five hours on the fand 
bath. No mercury was difengaged ; but the tin was found in 
a cryftallized ftate above the mercury which had not entered in- 
to combination. The lower part of this amalgam is compofed 
of grey brilliant cryftals in fquare plates, thin towards their edges, 
having polygonal cavities between each. Every ounce of tin 
retains in its cryftallization three ounces of mercury. 

The amalgam of tin is ufed to filver looking-glafles. For 
this purpofe, a leaf qf tin is fpread out upon a table of the fize 
of the glafs, mercury is poured upon it, and fpread about with a 
brufh. This being done, a larger quantity of mercury is pour- 
ed upon the tin, fo as to form a covering of more than one line 
in thicknefs. The glafs is Aided upon this covering, by prefent- 
ing one of its edges ; taking care at the fame time that its fur- 
face (hall be beneath the level of the mercury, in order that the 
impurities which might hinder a perfect contact may be driven 
before it. The plate of glafs is then loaded with weights equal- 
ly dillributed over its whole furface j by which means all the 
excefs of mercury is preffed out, and flows away through chan- 
nels made in the edges of the table. The air being driven out 
from between the amalgam of tin and the glafs by this ftrong 
compreffion, ferves greatly to render the amalgam adherent. 
Several days are required to elapfe before it be fufficiently dry 
to admit of removing the glafs. 

Tin alloyed with copper forms bronze, or bell-metal. Seven 
parts of bifmuth, five of lead, and three of tin, form an alloy 
which liquefies in boiling water. 



CHAPTER X. 

Concerning Iron. 

IRON is the molt generally diffufed metal in nature. Al- 
niofl: every mineral fubftan.ee of this globe is coloured with it ; 
and its various alterations produce that truly altonilhing variety 
of colours which are comprehended between the blue and the 
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deepen 1 red. This metal likewife exills in the vegetable king* 
dom, where it conftitutes an almoft infeparable principle. It 
even appears to be one of the produces of organization, or veg- 
etation ; for ic is found in vegetables which are fupportcd mere- 
ly by air or water. It is indeed contrary to found philofophy 
to fuppofe that all the iron with which earths are impregnated, 
muft arife from the wearing of ploughfhares : for, not to men- 
tion that the plough has not palled every where, we fee iron 
daily formed in vegetables. There is no reafon to fear that the. 
metal mould on this account become too abundant •, becaufe it 
is continually deftroyed by palling to the Hate of oxide. 

If, on the other hand, we cad our attention towards the infi- 
nite number of ufes to which this metal is applied in foeiety, we 
(hall perceive that it is perhaps the moll efiential to be known, 
becaufe it is the mod difFufed, the moll ufeful, and the molt 
employed. 

This metal is of a white livid colour, inclining to grey, obe-. 
dient to the magnet, and gives fire with quartz : which laft cir- 
cumftance is attributed to the fufion and rapid combuliion of 
particles of the metal detached by the ftroke. It is the lightelt 
of all metals except tin. One cubick foot of forged iron 
■weighs five hundred and forty-five pounds. The fpecifick grav- 
ity of fufed iron is 7.2070. — See Br i Hon. 

Iron is very hard, fufceptible of a fine polilb, and very difficult 
of fufion. It may be drawn into very fine wire, of which the 
.firings of the harpficord are made. It becomes hard by ham- 
mering, without heat -, but when affifted by heat, it may be 
hammered into every imaginable form. 

Iron is univerfally difperfed ; but, by common confent, thofe 
places or matrices, m which the iron is fufficiently abundant to 
be wrought with profit, are called Iron Mines, or Ores. 

Iron is found native, without mixture, in feveral places. 
We fhall not here mention thofe ridiculous aflertions, which 
have no other merit than that of having been authorized by the 
fuffrages of certain celebrated men. — " Ai.bertus Magnus de- 
ciding ccelum, imbre, mafiam ferri centum ljbrarum. Peterman- 
nus magna tempeftate, cum projeclu multorum lapidum, ccelo 
molem ferri decidifle, qux in longitudine fexdecim, in latitudine 
quindecim in cralfitie duos, pedes habuerit :" that is, of the 
weight of forty-eight thoufand pounds, and containing four 
hundred and eighty cubick feet. — Becher, fupplem. in Phyf. 
Subter. cap. iii. p. 599. 

We arc indebted to Lehmann for a defcription of a piece of 
native iron pofTefTed by MargrafF, which came from Eibenltock 
in Saxony. The grain was diftinguifhable on both fide§. 
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Henckel poflefied a fmall piece incrufted vi'h a yellow earth; 
and the cabinet of the Royal School of mines poffeiles one which 
is covered with fpathofe iron ore. Adanlon and Wallerius 
affirm that it is found in Senegal ; and Rouelle received a piece 
from thence which was very malleable. Simon Pallas fpeaks o£ 
a mafs of native iron found near the great river Jenelei in Sibe- 
ria. This iron is very fpongy, very pure, perfectly flexible, 
and proper to be formed into mftruments by a moderate fire. 
It is naturally incrufted with a kind of varnifh which preferves 
it from ruil. 

Mr Macquart doubts the legitimacy of the native iron, de- 
fcribed by Pallas : he thinks that it may be confidered as fufed 
iron. Mr. De Morveau does not believe in the exiftence of na- 
tive iron. 

Though fome doubts may be raifed concerning the legitimacy 
of thefe pieces, and there may be reafons to confider fome of 
them as confequences of the action of fire, we cannot however 
refufe to admit of the exiftence of native iron, after the depofi- 
tions, facts, and atteftations which prefent themfelves on all fides 
in fupport of this truth. 

Iron, flowly cooled, cryftallizes in octahedrons almoft always 
implanted one in the other. "We are indebted to Mr. Grignon 
for this obiervation. I am in poffeffion of a piece of iron entire- 
ly covered with fmall tetrahedral flat, and truncated pyramids. 
Some of the pyramids have a b.ife of one line in breadth. It 
comes from the frontiers of the Comte de Foix. This iron is 
very feldom found unaltered by foreign admixtures •, but I think 
we may confider all the iron ores which are attracted by the 
magnet, as containing the native metal, difperfed in fome gangue : 
and we fhall attend to thefe fpecies before we treat of the oxides 
and martial falts. 

ARTICLE I. 

Concerning Iron Ores which are attracted by the Magnet. 

t. The octahedral iron ore. — This ore has the form of octa- 
hedrons, ifolated, and difperfed in a gangue of fchiftus, or cal- 
careous (tone. The cryftals are grey, very regular in their form 
and ftrongly bedded in the (tone. Their fize is from half a line 
to fix or feven in diameter. Corfica and Sweden afford this kind. 

Mr. Sage obferves that octahedral cryftals cf iron are fome- 
times found in the finelt white marb'e of Carara. The black 
ferruginous fand which accompanies the hyacinths in the brook 
of Expailly, is an octr.hedral iron ore, obedient to the magnet. 
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i. Iron ore in fmall plates or fcales. — The fmall plates or 
fcales which are attracted by the magnet, and are found in moll 
•rivers which contain gold, are an iron ore, nearly in the metal- 
lick Hate. This fand forms the refidue which is left after the 
precious metal has been taken up by amalgamation. It is mix- 
ed with fragments of quartz, garnets, &c. I have found a large 
■quantity in the fand of the river Ccze : it was alfo fent me from 
the neighbourhood of Nantz. I have received fome likevvife 
from Spain ; and this fand has afforded me certain phenomena 
■which appear to entitle it to a particular rank among the metals. 
Acids diflblve it by the affillance of heat \ and always without 
effervefence, or the difengagement of gas. It communicates 
the fame colour to the nitro-muriatick acid as platina does. It 
is indecompofable by heat, either in the open lire, or in open 
vefiels. I have endeavoured to reduce it by all the known flux- 
es, but in vain. It precipitates in the flux, mixes with it, and 
recovers its form and magnetick virtue by pulverizing the mafs. 
It polTeHes feveral characters of the fiderotete, or phofphate of 
iron. 

3. Iron difperfed in ftones renders them obedient to the mag- 
net. The ophites, the ferpentines, the micas, the pot-ftones, 
and feveral marbles, are in this fituation. Iron difleminated in 
a gangue of quartz, or very hard jafper, forms emery, which 
on account of its hardnefs is ufed to grind and polifh glafs. It 
comes to us from Jerfey and Guernfey, where it is plentifully 
found. 

The magnet itfelf is nothing elfe but the iron we fpeak of, 
modified in fuch a manner as to afford a paiTage to the magnet- 
ick fluid, and to exhibit the known phenomena. The magnet 
is fometimes found in a regular form. Mr. Sage affirms that 
he polTeffes a fmall piece of magnet from St. Domingo, on 
which Octahedrons are diflinguifliable. We likewife read, in 
the General Hiitory of Voyages, that at twenty leagues from 
Solikamfkai in Siberia, magnets are found of a cubical form 
and greenifh colour, of a lively brilliant appearance, which are 
reducible into glittering fcales by pulverizing. 

The magnet varies in its quantity of metal. Thofe of Swe- 
den and Siberia are very rich in iron j but the magnetick force - 
is not in proportion to the iron they contain. 

There is reafon to think that the magnetick agent is a modifi- 
cation of the elettrick power. 1. Iron which remains a long 
time in an elevated pofition becomes magnetick. 2. Inftru- 
ments of iron ftruck M'ith lightning are ufually magnetized. 
3. Two pieces of iron may be magnetized by rubbing them 
againfl each other in the fame dire i\ ion. 4. Black iron ores 
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are found in Sweden which are attracted by the magnet, and 
whole metallick particles are fometimes fo weakly connected to- 
gether that they are reducible into powder. We have feveral 
fpecies of thefe ores in Languedoc. 

This fpecies is in general very rich, and affords near eighty 
pounds of iron per quintal. 

5. Iron appears to exift in the metallick flare in fome other 
fpecies, fuch as the fpecular iron ore. But the metallick ftate is 
lefs evident and characteriflick, the metallick qualities being; 
more changed ; and thefe ores are lefs attracted by the magnet. 

Thefe iron ores frequently exhibit metallick plates of a brill- 
iancy equal to that of fleel, and unalterable in the air. The 
ore of Mont d'Or, that of Framont in the principality of Salm, 
and thofe of the mountains of Vofges, have afforded us very 
curious fpecimens. Thefe plates are fometimes hexagonal, 
formed by two hexahedral pyramids truncated near their bafe. 

The fpecular iron ore of Framont afforded Mr. Sage fifty- 
two pounds of iron in the quintal : the iron is very ductile, and 
acquires much fibre. 

The celebrated iron ore of the ifland of Elbe is of this kind, 
but it has not the plated form. Its cryftals are lenticular, with 
brilliant facets, which are dodecahedrons with triangular planes. 
Thefe beautiful groupes of cryftals are fometimes fhaded with 
the moft lively colours. White clay, rock cryftal, cupreous 
pyrites, &c. are found among them. 

The Lucquefe work this ore in the Catalan method, by ftrat- 
ifying charcoal and the ore, one layer over the other. The fire 
is kept up by good bellows ; and when all the coal is confum- 
ed, the iron is found collected together in a mafs, which is car- 
ried to the hammer. 

The eifenman is a fcaly fpecular ore. When it is rubbed, 
brilliant particles are detached from it ; which has caufed the 
miners of Dauphiny to give it the name of Luifard. 

The eifenram is an iron ore of a brilliant red colour, which 
contains plumbago and iron. 

ARTICLE II. 

Concerning Sulphureous Iron ores, or the Sulphurs oflron. 

The union or combination of iron and fulphur forms the ful- 
phureous iron ore, martini pyrites, fulphure of iron &c. Thefe 
fulphures arc very abundant, and are evidently formed by the 
decomposition of vegetables. I have feveral times found pieces 
of wood buried in the earth perfectly incrufted with pyrites. 
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The effea of futrterrancous fires is owing only to the mixture 
of thefe fulphurcs with the remains of vegetables. Thofe fpe- 
cies of coal which eflbrefce in the air, owe their decompofition 
only to the pyrites with which they are penetrated. It is like- 
wife to the decompofition of the pyrites that we mull refer the 
the heat of mod mineral waters. The fulphure of iron fome- 
times cryftallizes in cubes, and often in octahedrons. The un- 
ion of a number of octahedral pyramids with their points to- 
wards a common centre, forms the globular pyrites. 

When the fulphur isdilTipated, it fometimes happens that the 
pyrites lofes-neither its form nor its weight. It then becomes 
brown, is attracted by the magnet, and is called the Brown or 
Hepatick Iron Ore. — See De Lifle. 

But the decompofition of pyrites mod commonly produces the 
fulphurick acid, which feizes the iron, diflblves it, and forms an 
efHorefcence on the furface. Advantage has even been taken of 
this property of the pyrites to eftablifh manufactories of fulphate 
of iron, or copperas. The two valuable eftablifhments which 
have been made of this kind, in the vicinity of Alais, work cer- 
tain ftrata of a hard ponderous pyrites. Thefe are formed into 
heaps upon areas, where the ground is (lightly inclined. The 
efHorefcence is accelerated by watering the pyrites, grofsly bro- 
ken,, with water. This fluid diflblves all the fait which is form- 
ed, and carries it into refervoirs, where the folution fuffers all 
the foreign matters it may contain to fubfide. It is left at reft 
in thefe refervoirs, in which the fun produces a flight concen- 
tration of the fluid ; and the concluding evaporation is made 
in leaden cauldrons, with the addition of old iron, to faturate 
the acid with as much of that metal as poffible. The cryflalJi- 
zation is performed in bafons, in which pieces of wood are dif- 
pofed to afilfl: the formation of cryftals. Thefe two manufacto- 
ries in Languedoc are capable, in their prefent flare, of furnifh- 
up wards of forty thoufand quintals of copperas, if the demand 
required it. 

In order to facilitate the vitriolization, it is necefiary to give 
accefs to the air, becaufe the concurrence of this element is nec- 
eflary to form the fulphurick acid. 

The fulphate of iron cryftallizes in rhomboids. 

It efflorefces in the air and gradually lofes its fine green col- 
our by the difiipation of its water of cryflallizaiion. 

If the fa'p'a.ite of iron be expofcl to heat, it liquefies, boils, 
becomes thick, and is reduced into powder. This powder, 
mixed with pulverized nut-galls, forms a dry ink, which fever- 
al perfons fell as a fecrct, and which requires only the addition 
ef water to render it fit for ufe. 
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The fame powder urged by a ftronger heat, differs its acids 
to efcape ; after which there remains only a martial earth, or 
metallick oxide, known by the name of Colcothar. 

I attribute the formation of all the yellow or red earths, com- 
monly called ochres, to a fimilar decompofition of the pyrites. 
The heat produced by the decompofition of the pyrites has de- 
termined the refpective colours of thefe earths : and they may 
be cauled to pafs artificially through thefe various fhades, by 
treating them with various degrees of fire. I have discovered 
in the diocefe of Uzes, banks of ochre of fuch uncommon fine- 
nefs, and fo very pure, that calcination converts it into a brown 
red, fuperiour to every thing before known in trade. The man- 
ufactory which has been eftablifhed under my care, has acquir- 
ed all the celebrity which the fuperiority of its products could 
not but neceffarily afford it. My experiments on thefe ochres, 
and the advantages which they may afford to the arts, may be 
feen in the work which I have publifhed on this fubject, print- 
ed for Didot the elder, at Paris. 

I likewife found at Mafs-Dieu, near Alais, a ftratum of red 
•chre of fo beautiful a colour, that it could fcarcely be imitated. 



ARTICLE III. 

Concerning the Spathefe Iron Ores, or Carbonates of Iron. 

The carbonick acid is fometimes combined with iron in ores ; 
and the refemblancc between this iron and fpar, has procured it 
the name of the Spathofe Iron Ore. 

The formation of this ore appears to be owing to the mutu- 
al decompofition of the carbonates of lime, and the fulphates of 
iron. A folution of copperas, in which calcareous fpar was fuf- 
fered to remain, produced this ore, according to the experi- 
ments of Mr. Sage. 

Bergmann obtained from the ores of this kind, which he an- 
alyzed, thirty-eight ounces of the oxide of iron, twenty-four 
ounces of the oxide of manganefe, and fifty ounces of calcare- 
ous earth. It appears therefore that this ore contains two met- 
als united by a calcareous cement, which cryftallizes always in 
its own form, as we find in the lapis calaminaris, the calcareous 
grit, &c. 

The fpathofe iron ores are wrought at Cafcaftle, in the dio- 
cefe of Narbonne, at Bendorf on the banks of the Rhine, Eifen- 
artz in Styria, &c. 
2...T 
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ARTICLE IV. 

Concerning the Bog Ores of Iron, or Argillaceous Iron Ores. 

Thefe ores confift merely of a martial oxide, in a (late of 
greater or lefs purity, mixed with earthy fubftances of the nature 
of clays. 

They appear to have been depofited by water ; and are ufually 
difpofed in ftrata, which are frequently marked out, and as it 
were feparated, into fmall prifms, whofe formation arifes limply 
from the fhrinking of the clay. 

i. The eagle- (lone, or aetites, ought to be ranked among the 
bog ores of iron. They are geodes of a round oval form, 
haing a hard external covering, while the cavity includes a de- 
tached nodule ; and the noife produced by fhaking one of thefe 
ftones, arifes from the nodule being at liberty to move withrnlhe 
Hone. 

The name q£ eagle-flone has arifen from a notion, formerly 
entertained, that eagles placed it in their nefts to facilitate the 
laying of their eggs ; and wonderful powers of rendering labour* 
fafe and eafy, were attributed to it in the times of fuperftition. 

2. We are acquainted with an iron ore in round pieces, re- 
fembling bullets, of feveral lines in diameter, which ought to be 
confidered as a variety of the preceding. An ore of this kind 
was begun to be wrought at Fontanez, near Sommieres ; and we 
find a confiderable quantity of thefe metallick globules among, 
our red earths in the neighbourhood of Montpellier. 

3. The purelt oxide of iron, worn and carried along by waters* 
and afterwards, depofited, forms ftrata of various appearance* 
and colours. Thefe are called haematites. 

The colours arife from the various degrees of alteration in the 
oxide. They vary from yellow to the deepeft red. The red 
haematites is ufed in the arts to burnifh gold or (liver. It is cut 
into long pieces, which when polilhed are known by the name 
of burnilhers. This blood-ftone is fbmetimes foft enough to be 
ufed inftead of a crayon for drawing. 

Its figure is likewife fubjecl to prodigious variation. It often 
appears as if compofed of fmall prifms applied one againft the 
other, in which cafe it is called the fibrous haematites. In other 
fpecimens it is tuberculated. It is very frequently found ira 
compact irregular mafles, fuch as thofe of the ores of the county 
of Foix. This mud naturally exhibit the fame variety of forms 
as the calcareous ftalactites, becaufe its mode of formation is 
pearly the fame. 
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ARTICLE V. 

Concerning Native Pruffian Blue, or the Pruffiate of Iron. 

Beccer fpeaks of a blue earth found at Turinge. Henckel 
informs us that a blue martial earth is found at Schneeburg and 
at Eibenftock. Cronftedt has defcribed a native Pruffian Blue ; 
Mr. Sage found it in the turf of Picardy. It is likewife found 
in Scotland, in Siberia, &c. and I poffefs a fulphur of iron in a 
Hate of decompofition, which exhibits a true pruffiate of iron 
upon one of its furfaces. 

ARTICLE VI. 

Concerning Plumbago, or the Carbure of Iron. 

The name of Plumbago is at prefent confined to that finning 
fub fiance of a blackifh blue colour, which is ufed to make the 
oencils called black-lead pencils. It has a greafy feel, exhibits 
2 tuberculated fracture, foils the hands, and leaves a black trace 
upon paper. 

Plumbago is found in many places ; that of commerce is 
brought to us from Germany. We receive it likewife from 
Spain, from America, and from England. It is alfo found in 
France. This mineral is almoft always difpofed in feparate 
manes in the bowels of the earth ; and it is probably on account 
of this form, that the ancients denoted it by the words Gleb* 
JPlumbariae. 

The plumbago of England differs from the other fpecimens 
in its texture, which is much finer, and of a greater degree of 
brilliancy. The Englifh do not take a larger quantity out of the 
mine than the market demands, in which they are careful to 
keep up the price. 

The molt plentiful mine is in the county of Cumberland. 

The plumbago of Spain is always accompanied with pyrites* 
which efflorefce on the furface of the pieces ; either in fmall 
cryftals, fimilar to thofe of the fulphate of iron ; or in a kind 
of filky vegetation, analogous to that of plume alum. It is dug 
up in the neighbourhood of the town of Ronda, at the diftance 
of four leagues from the Mediterranean fea. It is the worft kind 
which comes to market and is ufed only to give a fhining black 
colour to iron utenfils. 
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The American plumbago, which Mr. Woulfe procured from 
Mr. Pelletier, breaks eafily, and exhibits fmall quartzofe grains 
in its internal part, as well as flight traces of a whitifli clay. It 
is found in feparate mafles ; and its texture appears to confift of 
the union of an infinity of fmall fcaly parts, which at firft fight 
might caufe it to be taken for molybdena. 

France likewife poflefles plumbago, and the chevalier Lama- 
non obferved it in Upper Provence. The mine is fituated near 
Col. de Bleoux. The black lead is found between two ftrata, 
of clay, not more than a few lines in thicknefs. It forms a 
ftratum of four inches thick ; or rather the ftratum con fids 
of feparate mafles, which are fometimes feveral feet in length. 
It is accompanied by a vein of pyrites. The inhabitants of 
Bleoux fell this product at Marfeill es at about fifteen livres per 
quintal. Mr. de la Peyroufe found plumbago with tourmalines 
in the county of Foix, and Mr. Darcet brought it from the Py-. 
xenean Mountains. 

Plumbago is indeftruttible by heat without the prefence of 
air. Mr. Pelletier expofed it to diftillation, in the pneumato? 
chemical apparatus, by a violent fire during fix hours, without 
the plumbago having loft weight, or fuffered any other change. 
He expofed two hundred grains in a well-clofed porcelain cru- 
cible to the fire of the manufactory at Seves, and it loft only 
ten grains. But when it is calcined with the concurrence o£ 
air, it then burns, and leaves but a fmall quantity of refidue. 
Meflrs. Quift, Gahn, and Hielm obferved that one hundred 
grains, treated under a muffle in a {hallow veflel, left only ten 
grains of oxide of iron. Mr. Fabroni diflipated the whole of 
a portion of plumbago expofed under the muffle. This calcina- 
tion is a flow combuftion, which is facilitated by caufmg the 
matter to prefent a large furface, and agitating it from time tq 
time. 

If one part of plumbago, and two of very cauftick dry alkali, 
be heated in a retort with the pneumato-chemical apparatus, 
the alkali becomes effervefcent, hydrogenous gas is obtained, and 
the plumbago difappears. This beautiful experiment proves 
that the fmall quantity of water contained in the fait is decom- 
pofed ; and that its oxigene, by combining with the carbone 
of the plumbago, forms the carbonick acid. The experiment 
publilhed by Scheele has been repeated and confirmed by Mr. 
Pelletier. 

The fulphurick acid does not atl upon plumbago, according 
to Scheele. Mr. Pelletier has obferved that one hundred grains 
of plumbago, and four ounces of the oil of vitriol, being digefted 
in the cold for feveral months, the acid acquired a green col- 
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eur, and the property of congealing by a very flight degree of 
cold. The fulphurick acid diftilled from plumbago, pafles to 
the date or" the fulphureous acid •, at the fame time that carbou- 
ick acid is obtained, and an oxide of iron is left in the retort. 

The nitrick acid has no action upon plumbago unlefs it be 
impure. Eight ounces of nitrick acid, diftilled from half a gros 
of purified plumbago, neither altered its mining appearance, nor 
deprived it of its unctuous feel. 

The muriatick acid diffolves' the iron and the clay which con- 
taminate native plumbago. Meffrs. Berthollet and Scheele a- 
vailed themfelves of this method to purify it. The liquor being 
decanted after digeftion upon the plumbago, the refidue is then 
warned, and fubmitted to diftillation to feparate the fulphur. 
The muriatick acid alone has no action upon plumbago, but the 
oxigenated muriatick acid diffolves it •, the remit being a true 
combuftion effected by the oxigene of the acid, and the carbone 
of the plumbago. 

If ten parts of the nitrate of pot-afh be fufed in a crucible, 
and one part of plumbago be thrown thereon by a little at a time 
the fait will deflagrate, and the plumbago will be deftroyed. 
The matter which remains in the crucible confifls of very effer- 
vefcent alkali, and a fmall portion of martial ochre. 

If plumbago be diftilled with muriate of ammoniack, the 
muriate fublimes, coloured by the iron. 

All thefe facts prove that plumbago is a peculiar combuftible 
fubftance, a true charcoal combined with a martial bafis. Plum- 
bago is more common than is imagined. The brilliant char- 
coal of certain vegetaMe fubftances, more efpecially when for- 
med by diftillation in clofe vefiels, poffeffes all the characters 
of plumbago. The charcoal of animal fubftances poffeffes char- 
acters ftill more peculiarly refembling it. Like it they are diffi- 
cult to incinerate, they leave the fame impreffion on the hands 
and upon paper ; they likewife contain iron, and become con- 
verted into carbonick acid by combuftion. "When animal fub- 
ftances are diftilled by a ftrong fire, a very fine powder fublimes, 
which attaches itfelf to the inner part of the neck of the retort. 
This fubftance may be made into excellent black-lead pencils, 
as I myfelf have proved. 

Carbone may be formed in the earth by the decompofition of 
wood together with pyrites -, but the origin of plumbago ap- 
pears to me to be principally owing to the ligneous, and trulv 
indecompofable, part of the wood, which reiiits the deftructive 
action of water, in its decompofition of vegetable fubftances. 
This ligneous fubftance difengaged from the other principles, 
muft form peculiar depofitions and ftrata ; and Mr. Fabroni 
hu affured me that the formation of plumbago in water is a 
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common phenomenon, of which he had feveral times been at 
witnefs. This chemilt by his letter of the thirtieth of January, 
1787, informs me that, in the dominions of the king of Naples, 
there are wells dug exprefsly for the purpofe of collecting an a«. 
cidulous water, at the bottom of which wells a quantity of plum- 
bago is collected every fix months. 

. He fuppofes that the black mud which is found beneath the 
pavements of Paris is plumbago formed in the humid way. 

There are like wife diftrids in Tufcany where plumbago is 
formed in the humid way. 

This fubftance is of confiderable ufe in the arts. It has been 
at all times applied to the purpofe of making pencils, the molt 
efteemed of which aTe thofe which come from England. They 
are made at Kef wick in the county of Cumberland. The piece 
of plumbago is fa wed into very thin plates. The edge of one 
of thefe plates is fitted into a groove ftruck in a wooden cylind- 
er ; and the thin plate of plumbago is then cut off in fuch a 
manner that the cavity of the fmall cylinder remains perfectly - 
filled. 

The dud of plumbago is ufed to lubricate certain instruments, 
and it is likewife made into pencils of an inferiour quality, by 
kneading it up with mucilage, or by fufing it with Julphur. 
The fraud may eafily be difcovered by the afiiftance of fire, 
which burns the fulphur ; or by means of water, which difiblves 
the mucilage. 

Plumbago is likewife ufed to defend iron from ruft. The 
hearths, and plates of chimneys, and other fimilar utenfils, which 
appear very bright owe their colour to plumbago. Homberg 
Jias communicated a procefs, in the year 1699, in which plum- 
bago is applied to this ufe. Eight pounds of hogs-lard are melt- 
ed with a fmall quantity of water, with the addition of four ounc- 
es of camphor. When this laft is fufed, the mixture is taken 
from the fire ; and while it is yet hot, a fmall quantity of plum- 
bago is added, to give it a leaden colour. When this is to ba 
applied, the utenfils muft be heated to fuch a degree, that the 
hand can fcarcely be applied to them. In this flate the compo- 
fition muft be rubbed on them, and afterwards wiped when the 
piece is dry. 

Thofe who prepare fmall fhot, make ufe of black lead to pol« 
ifli and glaze it ; the fhot is rolled or agitated together with a 
quantity of plumbago. Plumbago is likewife ufed to make ra- 
zor ftrops. When kneaded up with clay, it forms excellent 
crucibles, which we receive from PafTaw in Saxony. One part 
of plumbago, three of argillaceous earth, and a fmall quantity 
of cow's dung very finely chopped, form an excellent lute for 
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retorts. Mr. Pelletier has ufed it with great advantage. This 
lute is exceedingly refractory ; and the glafs will melt without 
the covering changing its form. 

To make the aflay of an iron ore, I find the following flux 
rery advantageous : — I mix four hundred grains of calcined 
borax, forty grains of flacked lime, two hundred grains of ni- 
trate, and two hundred of the ore to be aflayed. I pulverize 
this mixture and place it in a lined crucible, which I cover. The 
heat of a forge furnace is fuflkient to efle£t the reduction. Ir» 
the fpace of half an hour, the button of metal is found depofited 
at the bottom of the vitrified flux. 

The procefs for working iron mines varies according to the 
nature of the ore. The metal is fometimes fo little altered, and 
fo abundant, that nothing more is neceffary than to mix it with 
the coal, and fufe it. This fimple and economical procefs forms 
the bafis of the Catalan method, which may be employed ia. 
treating the fpathofe iron ores, thofe of Elbe, the haematites, and 
other rich and pure ores. But it cannot be applied to fuch as 
contain much foreign matter capable of becoming converted into 
flag. For this reafon, the experiments made in the county of 
Foix on the ores of various countries, and various qualities, 
have not fucceeded. On this head, the work of Mr. De la Pey- 
roufe, and the Memoirs of the Baron de Dietrich, may be con- 
fulted. 

The furnaces in which iron is fufed, are from twelve to eigh- 
teen feet in height. Their internal cavity has the form of two 
four-fided pyramids joined bafe to bafe. The only flux added 
to the ore is the calcareous (lone, named (by the French) cajline y 
if the ore be argillaceous ; but, if the gangue be calcareous, the 
the workmen employ argillaceous earth, which is named herbue. 

The furnace is charged at the upper part ; and the fire is ex- 
cited bv bellows, or hydraulick machines. The ore melts as it 
pafles through the coal and is colle£led at the bottom, where it 
is maintained in a liquid ftate. At the end of every eight hours 
it is fuffered to flow out into the mould, or hollow channel made 
in the fand. 

Crude iron, caft in fuitable moulds, forms chimney-backs, 
pots, cauldrons, pipes, and an infinity of utenfils or vafes, which 
could not be obtained without difficulty by forging the iron. 
The works which are eltablifhed at Creufot in Burgundy furpafs 
every thing which can be defircd in this fpecies of induftry. 

This fir ft product is called Caft or Crude Iron. It is brittle - 7 
but may be rendered ductile by heating it again, and hammer- 
ing it. For this purpofe the pig iron is fufed again, and ftirred 
while in the ftate of fulion : alter which it is carried to the forge 
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hammer. By this treatment the iron becomes ductile, afiumel 
a fibrous texture, and is formed into fquare or flat bars for the 
purpofes of trade. 

Iron is likewife capable of a degree of fuperiority, which is 
given to it by placing it in contadl with coaly fubdances, and 
foftening it to fuch a degree that thefe may penetrate into its 
texture. It is then known by the name of Steel. We are in- 
debted to Mr. Jars for very intereding accounts of the fteel 
manufactories in England. The manufactory eftablifhed at 
Amboife is not inferiour to thofe of England, as was afcertained 
by comparative experiments made upon the products of the fev- 
eral manufactories, at Luxemburg, on Friday the 7th of Septem- 
ber, 1786. 

We may therefore divide the different dates of iron into caft 
or crude iron, iron properly fo called, and fteel. It is clear that 
thefe three dates are nothing more than modifications of each 
other \ but the circumdances on which they depend, and the 
principle which edablifhes their difference, were till lately un- 
known. 

The celebrated Bergmann has given an analyfis of the vari- 
ous dates of iron, and has drawn up the following table : 



Inflammable Air 
Plumbago 
Manganefe 
Siliceous Earth 
Iron 



This celebrated chemid has confirmed by his refults the con- 
elufion of Reaumur, who always confidence! deel as an interme- 
diate date between crude and malleable iron. 

We are indebted to three French chemids, Meffrs. Monge, 
Vandermonde, and Berthollet, for a quantity of much more 
accurate information refpedting all thefe dates. 

We may confider iron ores as natural mixtures of iron, oxm 
gene, and various foreign fubftances. When an ore is wrought 
the object of the operator is to clear the iron of all thefe mat- 
ters. To effect this feparation, the ore is thrown into the fmelr- 
ing furnaces, with different proportions of charcoal. Thefe mat- 
ters are lieated together until they arrive at the hotted part, 
where the mixture falls ; and, after differing the drong action 
of the fire, is precipitated in fufion, and forms a fluid mafs at 
the bottom of the furnace. The earths and dones, nearly in a 
vitrified date, float above the liuid ; and the oxigenc, being 
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partly driven out, remains likewife in grciter or lefs quantity in 
the crude iron. The crude iron is either white, or grey, or black. 
In our enquiries concerning the caufe of thefe three kinds of i- 
ron, and their qualities, we can refer them only to the propor- 
tions of foreign principles contained in the crude iron. Thefe 
principles are carborte and oxigene. 

1. Crude iron contains carbone. The ladles which are ufed 
to agitate, take up, and pour out this melted metal, become cov- 
ered with a coating of plumbago, which contains nine tenths of 
carbone : and caft-iron, ftronjdy heated in contact with the 
coal, fuffers a part to efcape or exude from its furface when it 
is flowly cooled. Crude iron emits fparks when it is heated : 
the acids which diffolve it always leave a refidue which is pure- 
ly carbonaceous. The hydrogenous gas, which is obtained by 
treating thefe irons with acids, always affords the carbonick acid 
by combuftion. 

2. Crude iron contains oxigene. Several mineralogifts at- 
tribute the fragility and brilliancy of crude iron to its ftill con- 
taining iron in the ftate of oxide. This opinion, which is gen- 
erally adopted, fuppofes the exiftence of oxigene. Crude iron 
urged by a violent heat in clofe veffels, affords the carbonick acid 
and paffes to the ftate of foft iron ; becaufe its oxigene then u- 
nites to the carbonaceous principle, and conftitutes the carbon- 
ick acid, which exhales, and clears the crude iron from the two 
principles which altered its quality. 

Oxigene and carbone exift therefore in crude iron, but they 
may exift in three different ftates — 1. A large quantity of car- 
bone, and a fmall quantity of oxigene. 2. An exact propor- 
tion between thefe two principles. 3. Much oxigene and a 
fmall quantity of carbone. — Now we find thefe three ftates in 
the three kinds of crude iron which we have diftinguifhed, as is 
proved by analyfis ; and, as we may judge by the fecondary 
procefTes, to correct thefe imperfections, or to convert crude 
iron into the malleable ftate. 

1. In the firft cafe, that iron which contains an excefs of car- 
bone is agitated or ftirred as it flows out. It is kept a long 
time expofed to the action of the bellows, and the fmalleft coffi- 
ble quantity of charcoal is made ufe of. We fee that in this 
procefs the pvopereft methods are ufed to facilitate the combuf- 
tion of this excefs of the carbonaceous principle. 

2. In the fecond enfe, that kind of iron in which the princi- 
ples exift in accurate proportions, requires only- the action of 
heat to unite and volatilize the two foreign principles. The crude 
iron is put into a Cat" of ebullition by the difengagement of the 
acid which is formed, and exh&fe - ?. 

2...U 
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'■{. In the third kind, or that which contains oxigene in ex- 
cefs, the bellows are urged lefs violently; and the metal is pen- 
etrated with coal in order to combine with the oxigene. Here 
therefore we fee theory and practice go together. The former 
explains the ufual manipulations, and affords us principles in 
cafes wherein experiment too frequently fails. 

Steel is a kind of iron which contains carbone only ; and its 
exiftence may be proved by all the experiments which have been 
mentioned as demonftrations that crude iron contains it. 

Carbone may be given to iron — i. In the fufion of the ore. 
2. Or, afterwards, by the cementation of iron with coaly fub- 
flances. 

i . In fome parts of Hungary, and in the county of Foix, iron 
ores are wrought which contain the m?tal nearly in the difen- 
gaged (late ; and the caft iron, when duly hammered, affords 
iron and fteel in a greater or lefs quantity, according to the 
management of the fire, the quantity of air, afforded by the 
tuyere, the quantity of coal made ufe of, and the nature of the 
ore. In this operation, the iron being, fcarcely at all calcined 
in the ore, becomes charged with coaly matter only, and there- 
fult is fteel. 

2. If the coaly principle be combined with iron in a ductile 
ftate, and deprived of all foreign matter, the combination being 
effected by a cementation or otherwife, the iron will pafs to the 
(late of fteel ; and the qualities of this fteel will vary according 
to the proportions of carbone. The purity of the iron, and the 
care which is taken to avoid the oxidation of the metal, eftablifh 
the various kinds of fteel which are met with in commerce. 

The nature and the principles of fteel being once admitted 
and eftablifhed, the following facts will explain themfelves. 

i. Since fteel contains no foreign principle but carbone, it is 
not furprifing that it remains unchanged by a violent heat in 
clofe veffels. 

2. Steel, repeatedly heated, and expofed while hot to a cur- 
Tent of air, lofes its properties, and paffes again to the ftate of 
foft iron. 

3. Steel kept plunged for a time in crude iron in which oxi- 
gene predominates, becomes itfelf convened into foft iron. 

4. Soft iron kept for a time plunged in crude iron, wherein 
carbone predominates, becomes converted into fteel. 

5. Iron, by paffing to the ftate of fteel, increafes in weight 
one hundred anil feventieth part. 

Ductile iron would be a very foft metal, if it were cleared of 
all foreign fubftances. 
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From all thefe fa£ts we may conclude — 1. That crude iron is 
a mixture of iron, carbone, and oxigene. 2. That the produces 
of crude iron are white, grey, or black, according to the propor- 
tions of oxigene and carbone which it contains. 3. That the 
ftecl of cementation is merely a mixture of iron and carbone. 
.4. That fteel which is over cemented, is an iron containing too 
large a quantity of carbone. 5. That iron would be a very 
foft metal, if it were not mixed with a greater or lcfs quantity 
of oxigene and carbone. 

Forged iron is diftinguifhed into foft iron, and eager or brit- 
tle iron, by us (the French) called Rouvvain. This laft has a 
coarfer grain than the other : it is divided into red ihort iron, 
and cold fliort iron. The caufe of this phenomenon is known ; 
it arifes from a phofphate of iron, which was difcovered by 
Bergmann. This celebrated chemift conftantl/ obierved a 
precipitate to be formed in the folutions of cold ihort iron in the 
fulphufick acid. It was a white powder, which he called Si- 
derite, and at firlt luppofed to be a peculiar metal ; but Mr. 
Meyer of Stetm has proved that it is a true phofphate of iron. 

Soft iron does not afford it. All the irons of Champagne 
afford about a dram, or gros, in the pound of iron. 

In order to obtain fiderite, it is neceffary that the folution 
(hould be faturated by a gentle heat on the fand bath. If the 
folution be made too quickly, the fiderite is then mixed with 
ochre, which alters its purity and whjtenefs. 

A precipitate is formed, which takes place fo much the more 
fpeedily, as the folution is more diluted with water each time 
after filtration. The precipitate is formed in the firlt three or 
four days ; a fecond is obtained towards the fixth day ; and that 
which afterwards falls down is mixed witli ochre. Siderite 
may likewife be obtained by diflblving iron in the nitrick acid, 
and evaporation to drynefs. The iron is oxided by this firft op- 
eration More nitrick acid being poured on this refidue, dif- 
folves only the liderite, without touching the oxide of iron. A 
fecond evaporation muft then be made ; and the refidue mult 
be diluted with water, to evaporate the laft portions of nitrick 
acid : and that which remains is fiderite. It is foluble in the 
fulphurick, nitrick, and muriatick acids, from which it may be 
precipitated by pouring into the lolution as much alkali as is ner 
ceflary to faturate the acid folvent. If the alkali be added in ex- 
cefs, ochre is then precipitated ; and the refult is a phofphate, 
and a fait arifing from the union of the acid made ufeof and the 
alkali which has ferved for the precipitation. 

The fixed and volatile alkalis, and lime water, decompose 
{nitrite. It is likewife decempofed by projecting it upon iufed 
Kitre. 
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When it has been precipitated by ammoniack, cryftals may bo 
obtained by evaporation, which when treated with powder of 
charcoal affords phofphorus. The ochrcous precipitate affords 
iron by reduction \ it is therefore a combination of the phof- 
phorick acid and iron. Every folution of iron is precipitated in 
the form of fiderite by the phofphoriclc at id. 

The effect of the tempering of iron likewife deferves the at- 
tention of the chemift. I am of opinion that the hardnefs and 
brilliancy which iron acquires by this operation, ariies from its 
integrant pans, which are feparated by the heat, being kept and 
left at a certain diftance from each other by the fudden cold, 
which drives out the heat, without bringing the conltituent prin- 
ciples of the mafs together. The iron is then more brittle, be- 
caufe the affinity of aggregation is lefs. 

Iron is eafily oxided. A bar of iron which is heated a long 
time in the forge furnace, becomes oxided at its furface j and 
the coatings of metal which pafs to the ftate of oxide, are fepa- 
rated from the mafs in the form of fcales. The moft degraded 
and the mod altered metal, in the ftate when it is no longer at- 
tracted by the magnet, forms an oxide of a reddifh brown col- 
our, known by the name of Aitringent Saffron of Mars, or the 
Brown Oxide of Iron. 

The colour of this oxide varies according to its degree of ox- 
idation. It is yellow, poppy-colour, or red ; and is eafily re- 
duced into a black powder, when heated with coaly matters. 

The combined action of air and water conftitutes a martial 
oxide, known by the name of Aperitive Saffron of Mars. This 
compofition is produced by the combination of oxigenous gas 
and carbonick gas with the iron. The exposition of the iron to 
a humid atmofphere rufts it fpeedily, and caufes it to pafs to the 
ftate of aperitive faffron of Mars. This preparation is a true 
carbonate of iron. 

"Water likewife acts upon iron. If iron filings be put into 
this liquid, and be agitated from time to time, the iron becomes 
divided, and blackens ; and by decanting the turbid water, a 
black powder is depofited, which is called the Martial j'Ethiops 
of Lemery or the Black Oxide of Iron. It is a commencement of 
calcination effected by the air contained in the water ; but more 
cfpecially by the decompofition of the water it, 

The fixed and volatile alkalis, in the fluid ftate, being digelled 
upon iron, oxide a flight portion, which falls down in the form 
of sethiops. 

All acids act more or lefs upon iron. 

i. The concentrated fulphurick acid is decoropofed by boil- 
ing upon this metal. If the mixture be d 
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*etort is found to contain fublimed fulphur, and a white mafs, 
partly foluble in water, but incapable oi' cryftallizaiion. 

Bul if the diluted fulphurick acid be poured upon iron, a con- 
fiderabie effervefcence arifes in consequence of the difengage- 
ment of hydrogenous gas. In this operation, the water is de- 
compofed, its oxigene is employed to calcine the metal, whiie 
the hydrogene is difengaged ; and the acid acls upon and dif- 
folves the metal without being decompofed. This folution, 
when concentrated by evaporation, affords the fulphate of iron, 
which we have already treated of. 

2. The nitrick acid is decompofed rapidly upon iron. The 
folution is of a red brown colour, and fuffers the oxide of iron 
to fall down at the expiration of a certain time. If new iron 
be plunged in this folution, the acid diflblves it, and lets fall the 
oxide which it held in folution. 

If the folutions be concentrated, martial ochre of a red brown 
colour falls down. If the concentration be carried (till further, 
a reddiih jelly is formed, which is partially foluble in water. 

Iron precipitated from its folution by the carbonate of pot- 
afh, is -eafily diffolved by the fuperabundant alkali, and forms 
the martial alkaline tincture of Stahl. 

Mr. Maret has propofed to precipitate the iron by the cauf- 
tick alkali, to make the icthiops immediately. Mr. Darcet, in 
rendering an account of the procefs of Mr. Maret to the Royal 
Society of medicine, has propofed that of Mr. Crohare, which 
confifts in boiling upon the iron water acidulated with die mu- 
riatick acid. 

Mr. De Fourcroy made a courfe of experiments upon the 
martial precipitates, which throws much light upon the caufts 
of the aftonifhing varieties obferved in them. He has proved 
that the whole depends either on the nature of the acid, or the 
manner of operating at the time of making thefe precipitates, or 
the quality of the precipitant. 

3. The diluted muriatick acid attacks iron with vehemence. 
Hydrogenous gas is difengaged, which arilesfrom the decompo- 
fition of the water. If the folution be concentrated, and left to 
cool when it is of the thicknefs of fyrup, a magma is formed ; 
thin, flattened cryftalsare perceived, which are very deliquefcent. 
The muriate of iron, diddled in a retort by the Duke D'Ayen, 
exhibited very fingular phenomena. The firft product was an 
acid phlegm. At a ftronger heat, a non-deliqueicent muriate 
of iron fublimed, at the fame time that very tranfparenr crvltals 
rofe to the roof of the retort, in the form of the blades of razors 
which decompofed the light in the fame manner as the belt 
prifms. At the bottom of the retort there remained a ftvptick 
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deliquefcent fait, of a brilliant colour, and a foliated appearance, 
which exaclly reiembled the large plated talc, improperly called 
Mufcovy Glafs. This laft fait expofed to a violent heat, afford- 
ed a fublimate more aftoniftiing than the former products. It 
was an opaque fubftance, truly metallick, which exhibited fec- 
tions of hexahedral prifms, polifhed like fteel. It was iron re- 
duced, and fublimed. 

4. It was long fmce known that iron is precipitated from its 
folutions by vegetable afiringent fubftances ; and the black dyes, 
and the fabrication of ink, are founded on this known fact. 
Eut it was not till lately that an acid has been proved to exift in 
thefe fubftances. which combined with the iron, and which may 
be obtained from all thefe aftringent vegetables, either by fimpie 
diftiilation, or by mere digeltion in cold water. The moll fim- 
pie procefs is the following : 

Infufe one pound of powder of nut-galls in 2| pints of pure 
water. Leave the mixture together for four days, frequently 
fhaking the infufion. Then filter, and leave the fluid in a veflei 
(imply covered with blotting paper. The liquid becomes cover- 
ed with a thick pellicle of mouldinefs, and a precipitate falls 
down in proportion as the infufion evaporates. Thefe precipi- 
tates collecled, and diffolved in boiling water, form a liquor of 
a brown yellow colour, which, evaporated by a gentle heat, de- 
poi'tes — 1. A precipitate which refembles fine fand. 2. Cryftals 
difpofed in the form of a ftar. This fait is grey j and it is im- 
poffible to obtain it of a whiter colour by any repetition of fo- 
lutions and cryltaliizations. 

It is an acid which effcrvefces with chalk, and reddens the 
infufion of turnfole. 

Half an ounce of this fait is foluble in an ounce and an half 
of boiling water, or twelve ounces of cold water. 

Boiling fpirit of wine diflblves its own weight of this acid ; 
but cold fpirit diflblves only one fourth. 

This fait is inflammable in the fire. It melts, and leaves a 
coal of dilE cult incineration. 

When this acid is diftilled in a retort, it becomes at firft fluid, 
gives out an acid phlegm, but no oil ; and, towards the end, a 
white fublimate rifes, which attaches itfelf to the neck of the 
retort, and remains fund as long as it is hot, but afterwards 
crvftallizes. 1 round in the retort. The fublimate 

has nearly the tafte aiui frhell of acid of benzoin, is as foluble 
in water. as in fpnit of wine, reddens the infufion of turnfole, 
and precipitates metallick folutions with their different colours, 
and iron black. 
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The folution of the fait of the nut-gall, poured into a fo'uti'm 
of gold, renders it of a dark green ; and precipitates a browa 
powder, which is gold revived. 

The folution of {ilver becomes brown ; and at length depofites 
a grey powder, which is revived filver. 

The folution of mercury is precipitated of a yellow orange 
eolour. 

The folution of copper affords a brown precipitate. 

The folution of iron becomes black 

The folution of theacetiteof lead is precipitated white. 

This fait is changed into the oxalick acid, if the nitrick acid 
be diftilled from it. 

Thebafis of ink confifts of a folution of iron by the galltck 
acid. To make good ink, take one pound of nut-galls, fit 
ounces of gum arabick, and fix ounces of green copperas, with 
four pints of common water. The nut-galls muft be bruifed, 
and infufed for four hours without boiling. The pounded gum 
muft be firft added, and fuffered to duTolve ; and laftly, the cop- 
peras, which immediately converts the fluid to a black colour. 
Lewis, of the Royal Society of London, made many refearches 
on this fubjedT: ; but he always returns to the forementioned 
fubftances. Powdered fugar is fometinies added, to render the 
ink fhining. 

5. The vegetable acid likewife diflblves iron with facility. 
It is this which holds the metal fufpended in vegetables ; and 
it may be precipitated from wine in the form of aethiops, by the 
means of alkalis. 

6. Cream of tartar, or the acidulous tartrite of pot-afh, likewife 
diflblves iron ; and the various degrees of concentration of this 
folution forms the foluble martial tartar, the aperitive extra H: of 
Mars, and the balls of Nancy. 

7. The folution of iron, by the oxalick acid, affords prifmat- 
ick cryftals of a greenifh yellow colour, and a fomewhat aftrin- 
gent tafte, foluble in water, and eiflorefcin^ by heat. 

8. Iron diffolved by the pruilick acid, forms Pruflian blue, or 
the pruffiate of iron. 

A finguhr miltake gave rife to the difcovery of this fubftance. 
Diefbach, achemift of Berlin, being defircus of precipitating a 
decottion of cochineal with fixed alkali, borrowed of Dippel an 
alkali upon which he had feveral times diftilied animal oil ; and 
as die decottion of the cochineal contained fulphate of iron, the 
liquor immediately afforded a beautiful blue. The experiment 
being repeated was followed with fimilarrefults ; and this col- 
our became an object of commerce, under the name of PrufSna 
Blue. 
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Pruffian blue was announced in the Memoirs of tile Acade- 
my of Benin in the year 1710, but without any account of the 
procefs, which was kept a fecret until other chemifts dilovered 
it. The procefs was rendered publick in the year 1724, in the 
Philofophical Tranfa&ions, by Woodward ; who declared that 
he had received it from one of his friends in Germany. 

To make Pruffian blue, four ounces of alkali are mixed with 
the fame weight of dried bullocks blood, and the mixture expo- 
fed in a crucible, which is covered in order to ftifle the flame ; 
the fire is kept up until the mixture is converted into a red-hot 
coal. This charcoal is thrown into water which is afterwards 
filtered, and concentrated by evaporation. The liquor is known 
by the name of the Phlogifticated Alkali. On the other hand, 
two ounces of thefulphateof iron, and four ouncesof the fulphate 
of alumine are difTolved in a pint of water. The two folutions 
are mixed and a bluifh depofition falls down, which is rendered 
It ill more intenfely blue by warning it with muriatick acid. 

Such is the procefs ufed in chemical laboratories ; but in 
the works in the large way another method is followed. E- 
qual parts of the rafpings of horns, clippings of ikins, or other 
animal fubftances, are taken and converted into charcoal. Ten 
pounds of this coal are mixed with thirty pounds of pot-afh, 
and the mixture is calcined in an iron veflel. After twelve 
hours ignition, the mixture acquires the form of a foft parte, 
which is poured out into vefTels of water. The water is then 
filtered ; and the folution mixed with another, confiding of 
three parts of alum, and one the fulphate of iron. 

I have likewife made Pruffian blue by calcining and burning 
in the fame veffel equal parts of the (havings of horns and tar- 
tar. I received the animal oil and the ammoniack, afforded by 
the calcination of thefe fubftances in large cafks, which commu- 
nicated with each other, and formed an apparatus after the man- 
ner of Woulfe. 

It has likewife been obferved that the tips of the thyme, the 
fun-flower, and feveral other vegetable fubftances, when treated 
with alkali, communicate to it in a certain degree, the property 
of precipitating iron of a blue colour. 

Much reafoning has been exhibited on the etiology of this 
phenomenon. MefTrs. Brown and Geoffroy confidered Pruffi- 
an blue as the phlogifton of iron, developed in the lixivium of 
blood. The abbe Menon imagined that the colour of iron was 
blue, and that the phlogifticated alkali precipitated it in its nat- 
ural colour. 

Mr. Macquer refuted the opinion of his predeceffors in the 
year 1752 ; and propofed a fyftcm, in which he confiders PrUf- 
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fun blue as iron fuperfaturated with phlogifton. This flcil- 
ful chemilt proved that the blue is not foluble in any refpect 
in acids; and that the alkalis are capable of diflblving the colour- 
ing matter of the Pruffian blue, and of becoming faturated with 
it to fuch a degree as to be no longer capable of effervefcing. 

Mr. Sage affirmed that the iron was faturated with the phof- 
phorick acid ; and the celebrated Bergmann likewife fufpe£ted 
the exiftence of fome animal acid, as is proved by his notes on 
the leflbns ofchemiftry of Scheffer. But it was referved to the 
celebrated Scheele to convert thefe fufpicions into certainty. 

He has proved that the lixivium of blood, expofed for a cer- 
tain time to the air, lofes the property of precipitating iron of a 
blue colour ; and he has (hewn that this circamftance depends 
on the carbonickacid of the atmofphere, which difengages the 
colouring part. By adding a fmall quantity of fulphate of iron 
to this lixivium, it is no longer changed in confequence of its re- 
maining in the carbonick acid. By boiling this lixivium upon 
an oxide of iron, it is likewife no longer capable of change in 
the carbonick acid. The iron has therefore the property of 
fixing and retaining the colouring principle ; but it is neceiTary 
that it fliould not be in the (late of oxide. 

Pruffian blue, treated in the way of diltillation with the ful- 
phurick acid, permits a fluid to efcape that holds the pruffick 
acid in folution, which may be precipitated upon iron. 

The proceffes of Scheele, to obtain this acid in a flare of pu- 
rity, confift in putting two ounces of pulverized Pruffian blue 
into a glafs cucurbit, with one ounce of red precipitate, and fix 
ounces of water. This mixture is to be boiled for fome min- 
utes, continually ftirring it. It then aflumes a yellow colour in- 
clining to green. The fluid being filtered, two ounces of boil- 
ing water are to be thrown on the refidue. This liquor is a 
prulfiate of mercury, which cannot be decompofed either by 
alkalis or acids. The folution is then poured into a bottle, in 
which an ounce of newly-made filings of iron is put : three 
gros of concentrated fulphurick acid are to be add^.d, and the 
whole agitated ltrongly for feveral minuses. The mixture be- 
comes perfectly black by the reduction of the mercury ; the li- 
quor lofes its mercurial tafte and exhibits that of the colouring 
lixivium. After fuffering it to ftand at reft for a time, it is de- 
canted, put into a retort, and diftilled by a gentle fire. The 
colouring principle paffes firft, becaufe more volatile than water. 
The operation muft be put an end to, as foon as one quarter of 
the liquor has palled over. As this product contains a fmall 
quantity of fulphurick acid, it may be cleared of it by re-diftil- 
ling it from pulverized chalk by a very gently fire. The 
2...W 
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pruiiick acid then comes over in a ftate of the greateft purity. 
Scheele recommends that the veflels be well luted, becaufe the 
acid would otherwife efcape on account of its great levity. It 
is even of advantage to put a fmall quantity of water into the 
receivers, to abforb the acid ; and it would likewife be very pro- 
per to furround them with pounded ice. 

This acid has a particular fmell which is not difagreeable j 
and its tafte is fweet. 

It does not redden blue paper ; but renders the folutions of 
foap and of the fulphure of alkali turbid. Mr. Weftrumb pre- 
tends that the pruflick acid is the fame as the phofphorick ; for he 
obtained fiderite from Pruflian blue, and formed animal earth by 
mixing the lixivium of blood with a folution of calcareous earth. 

The folution of iron in the pruflick acid affords Pruflian blue. 
We are indebted to Mr. Berthollet for a very interefting feries 
of experiments upon the prufflck acid, and its combinations. 

The oxide of iron is capable of exifting in two different dates 
in combination with the pruflick acid. If the oxide predomi- 
2iateo, the combination is yellowifh ; but if its proportion be lefs, 
the product is Pruflian blue. All the acids are capable of dif- 
folving the portion or furplus of oxide which eonftitutes the 
«ii 4 ference between the firft and fecond combination. 

The prufliate of pot-afh contains oxide of iron. If an acid 
be poured in, this oxide is diflblved, and is precipitated by dou- 
ble affinity in the form of Pruflian blue. The prufliate of pot- 
afh triads by a gentle heat, afterwards evaporated to drynefs, 
then re-diflblved and filtered, no longer affords the blue upon 
the addition of acids. It cryftallizes in fquare plates with their 
edges cut flantways, forming octahedrons, whofe two oppofite 
pyramids are truncated. This folution of the prufliate of pot- 
afli, when mixed with the fulphurick acid, depofites Pruflian 
blue, if it be expofed to the folar light, or to a ftrong heat. In 
thefe procefles the prufliate of alkali may be entirely decompof- 
ed ; the prufliate of iron when precipitated by the action of the 
alkaline prufliate, carries down with it a notable proportion of 
alkali, of which it may be cleared by wafhings, which contain 
the alkaline prufliate. It is the fame with regard to precipita- 
tions by the prufliates of lime and ammoniack. 

The prufliate of mercury cryftallizes in tretahedral prifms, 
terminating in quadrangular pyramids, whofe planes anfwer to 
the angles of the prifms. Iron in its metallick ftate decompo- 
fes the prufliate of mercury, and deprives it both of its oxigene 
and its acid. The oxide of mercury likewife decompofes the 
prufliate of iron and feizes its acid. The prufliate of mercury 
is but imperfectly clecompofed by the fulphurick and muriatick 
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acids. Thefe acids form trifules, or triple fairs with it. The 
precipitate of the nitrate of barytes by the pruflick acid, is not 
the compound which Bergmann fuppofed it to be, but is mere- 
ly a trifule. m 

The pruflick acid readily precipitates alumine from its nttnck 
folution ; the alumine neverthelefs yields its pruflick a id to 

The oxigenated muriatick acid, when mixed with the pruffick 
acid, is again converted to the (late cf common muriatick acid : 
the pruflick acid aflumes a more lively fmell, becomes more vol- 
atile, is deprived of its affinity to alkalis and lime ; it precipi- 
tates iron of a green colour ; and the green becomes blue if the 
precipitates be expofed to light, or if it be treated with the ful- 
phureous acid. 

The pruflick acid, impregnated with the oxigenated muriat- 
ick acid, and expofed to light, aflumes the fmell of an aromat- 
ick oil, is collected at the bottom of the water in the form of an 
oil which is not inflammable, and rifes in vapour by a gentle 
heat. By repeating this procefs it may be totally decompofed j 
and then this fpecies of oil becomes concrete, and is reduced in- 
to cryftals. 

The acid appears to have undergone a partial combuflion m 
this operation ; at lead the light and the fulphureous acid do 
not reftore it but by depriving it of oxigene. The oxigenated 
pruflick acid, mixed with lime or a fixed alkali, becomes totally 
decompofed. Volatile alkali is difengaged ; and if the alkali 
was very cauftick, fuch as the alcohol of pot-afh, it becomes ef- 
fcrvefcent. 

The pruflick acid of Scheele is only decompofed in part by 
this procefs ; whence Mr. Berthollet concludes that it is com- 
pofed of hydrogene, nitrogene, and carbone. 

Thefe experiments do not prove that oxigene exifts in this 
acid. The water affords that which enters into the carbor.ick 
acid, produced by the diftillation of the pruffick acid. Pruffian 
blue takes fire more eafily than fulphur, and detonates ftrongly 
with the oxigenated muriate of pot-afh. The pruffiate of mer- 
cury detonates ftitf more ftrongly with the nitrate of mercury. 
The "-as of thefe detonations has not yet been collected. The 
pruflick acid, combined with alkali and the oxide of iron, cannot 
be feparated by any acid without intervention of heat or light ; 
and when it is difengaged, it is no longer capable of feparating 
iron from the weakeft acid, unlefs it be in the way of double 
affinity. Mr. Berthollet thinks that the elaftick ftate of this 
acid diminifhes this affinity j and that it is neceffary, in order 
ihat it may eaflly enter into combination, that it thould have loft 
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fome of its fpecifick heat. It is this which renders the oxige- 
nated acid fo feeble. 

Pruffian blue afforded me, by diflillation, in the ounce, one 
gros twenty-four grains of ammoniack, thirty-fix grains of the 
carbonate of ammoniack, four gros twelve grains of oxide of iron, 
or alumine, and one hundred and fixty-four inches of hydrogen- 
ous gas burning with a blue flame. 

The ammoniack comes over in combination with a fmall 
quantity of the colouring principle, which it takes up, and holds 
in folution : the fulphurick acid renders this vifible. 

Ammoniack heated upon Pruffian blue decompofes it, by feiz- 
ing the colouring matter. 

Lime-water digefted upon Pruffian blue difiblves the colour- 
ing principle by the afliftance of a gentle heat ; the combination 
is rapid, and the water acquires a yellow colour. By filtration, 
the liquor pafTes of a fine bright yellow, no longer converts fyr- 
up of violets to a green, and is no longer precipitated by the car- 
bonick acid. It appears to be completely neutralized, and af- 
fords an exceedingly fine blue, when poured into a folution of 
the fulphate of iron. The pruffute of lime has been propofed, 
by Meffrs. Fourcroy and Scheele, as the moft accurate means of 
ascertaining the prefence of iron in any mineral water. 

The pure fixed alkalis immediately difcolour Pruflian blue in 
the cold. This combination produces heat •, and the pure alka- 
lis ought to be preferred to the carbonates of alkali in experi- 
ments of this nature. 

Magnefia likewife feizes the colouring matter of Pruflian 
blue ; but much move weakly than lime-water. 

A mixture of equal parts of fteel filings and nitrate of pot-afh. 
thrown into a crucible flrongly ignited, detonates at the end of 
a certain time, with the difengagement of a confiderable quan- 
tity of very bright fparks. The refidue, when wafhed and fil- 
tered, affords an oxide of iron of a yellowifh colour, known by 
the name of Zwelfer's Saffron of Mars. 

Iron decompofes the muriate of ammoniack very well. Two 
gros of fteel filings, and one gros of this fait, afforded Mr. Buc- 
quet, by diflillation in the pneumato-chemical apparatus over 
mercury, fifty four cubick inches of an aeriform fluid ; half of 
which was alkaline gas, and the other half hydrogenous gas. 

This decompofition is founded on the ftrong action of the 
muriatick acid of iron. 

One pound of the muriate of ammoniack in powder, and one 
ounce of fteel filings, fublimed together, form the Martial flow-, 
ers, or Ens Martis. Thefe flowers confifl merely of the muri- 
ate of ammoniackj coloured, and rendered yellow by arf oxide, 
of iron. 
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The oxide of iron decompofes the miniate of ammoniack 
much better. This is an effect of double affinity. The am- 
moniack which rifes is fometimeseffervefcent. 

A mixture of good filings of Heel and fulphur, moiftened 
•with a fmall quantity of water, becomes heated in the courfe of 
feveral hours. The water is decomposed, the iron runs, the 
fulphur is converted into acid, the hydrogenous gas of the wa- 
ter exhales, and the heat is fometimes fufficient to fet the mixture 
on fire. This phenomenon conititutes the volcano of Lemery. 
There is the ftrongeit analogy both in the phenomena and 
effects of the inflammation of this volcano, and the decompofi- 
tion of pyrites. 

Sulphur combines eafily with iron by fufion, and then forms 
a true martial pyrites. 

Iron may be alloyed with feveral metallick fubftances ; but 
the only alloy which is ufed in the arts is that which it contracts 
with tin, to form white iron, or tin plates. 

To form tin plates (commonly known by the name of Tin in 
England) the fofteft iron is chofen, which is reduced into very 
thin plates. Care is taken to polifh or clean the furface very- 
well ; and this is done in feveral ways. The pieces are rub- 
bed with fand-ftone, and afterwards kept for three times twenty- 
four hours in water, acidulated by the fermentation of malt, 
turning them from time to time. They are afterwards cleaned, 
dried, and are then ready for tinning. Sal ammoniack is like- 
wife ufed in fome manufactories. For this purpefe the plates 
are difpofed in a chamber, in which a certain quantity of fal 
ammoniack is volatilized. The fait forms a covering over the 
whole furface of every plate, and poffeffes the double advant- 
age of clearing it from ruft, and affording the coaly principle 
neceffary to prevent the calcination of the metal. 

When the iron is well cleared, the plates are plunged verti- 
cally into a bath of tin, whofe furface is covered with pitch or 
tallow. They are turned in the bath ; and when taken out 
they are wiped with faw-duft or bran. 

1 he ufes of iron are fo very extenfive, that there are few 
arts which can be pradlifed without it. It is with juftice con- 
fidered as the foul of all the arts. Some of its ores are ufed 
in their native (late ; fuch as the hematites, which is made in- 
to burniihers. 

The fulphate of iron is the bafis of all black colours, inks, &c. 
The ochres are ufed by painters, under the name of Umber • 
and the brown red has the mod extended ufe. "With us (in 
France) it is applied to give a colour to brick pavements to 
paint our doors and windows, to fmear our calks, and to fecure 
{hem from decay and infects in fea voyages. 
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Caft Iron is ufed to make boilers, chimney-grates, hearths, pots, 
&c. The instruments of agriculture are made of this metal : 
iteel is ufed not only as Reel ; but its havdnefs renders it proper 
to cut and work the other metals. 

The magnetical property of iron has led to the difcovery of 
the mariner's compafs; and this metal, if it were productive of 
no other advantage to mankind, would on that account be en- 
titled to their greateft attention. 

Pruflian blue is an agreeable colour, greatly efteemed, and 
much ufed. 

Iron likewife furnifhes the art of medicine with remedies. 
It is the only metal which is not noxious ; and it has fuch an 
analogy with our organs, that it appears to constitute one of the 
elements of the human frame. Its effects in general confift in 
ftrengthening the ftomach ; and it appears to poffefs the proper- 
ty of pafiing in the circulation under the form of sethiops. The 
valuable experiments of Mr. Menghini, published in the Me- 
moirs of the Inftitute of Bologna, have proved that the blood of 
perfons who take martial remedies is thicker, and contains more 
iron. Mr. Lorry obferved that the urine of a fick perfon, to 
whom he administered iron in a ftate of extreme diviuon, was 
manifestly coloured with the nut-gall. 



CHAPTER XI. 

Coticerriwg Copper. 

COPPER is a reddifh metal, hard, elaftick, fonorous, and 
affording a difagreeable fmell by friction. It tafte is ftyptick, 
and naufeous. One cubick foot of copper weighs five hundred 
and forty-five pounds. The fpecifick gravity of caft copper not 
hammered is 7.7880. — Briflbn. 

The alchemids distinguished this metal by the name of Venus, 
on account of the facility with which it unites and is alloyed 
with other metals. 

It may be reduced into very thin leaves, and drawn into very 
fine wire. The tenacity of this metal is fuch, that a wire of one 
tenth of an inch in diameter, is capable of fupporting a weight 
of two hundred and ninety-nine pounds four ounces', without 
breaking. 

This metal is capable of affecting a regular form. The abbe 
Mongez obferved it in folid quadrangular pyramids, Sometimes 
Inferted into each other. 
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Copper is found [in various forms in the bowels of the 

earth. 

1. Native copper. — This copper exifts fometimes in leaves in 
a gangue of quartz. It is likewife found in compact mafTes at 
Japan. There is one of thefe pieces in the royal cabinet, which 
weighs ten or twelve pounds. 

Native copper is ufually diffeminated in a brownifh martial 
earth, fufceptible of a polifli. When this ore is rubbed with a 
flint, the traces appear of a beautiful copper-colour. Ores of 
this kind are found at Kaumfdorf in Thuringia — Sage, Analyfe 
Chimique, t. iii. p. 205. 

"We have likewife found native copper at Saint Sauveur. It 
has the form of nodules refembling ftaladtites. Moft of the na- 
tive coppers appear to be formed by cementation, or by the pre- 
cipitation of this metal diflblved in an acid, and thrown down 
by martial falts. 

' Mr. Sage thinks that this metal may likewife be precipitated 
from its folutions by phofphorus. To effect, fays he, the pre- 
cipitation of copper by phofohorus, twelve grains of this metal 
are to be diflblved in half a gros of nitrick acid. The folution 
mull be poured into half a pint of diftilled water, into which 
a cylinder of phofphorus, two inches long, weighing forty-eight 
grains, mult be plunged. The furface becomes almofb immedi- 
ately black, and is covered with particles of copper pofieffing 
the metallick colour and brilliancy. At the end of feveral days, 
octahedral cryltals are feen, whofe infertions into each other 
produce elegant dendrites ; and at the end of ten days, the 
twelve grains of copper are completely reduced, as is proved by 
pouring ammoniack into the water. If it do not exhibit a blue 
colour, it is proof that the fluid contains no copper. 

2. Copper mineralized by fulphur forms the yellow ore of cop- 
per. 

This ore is of a golden colour, and the ignorant are often 
deceived by its flattering appearance. It contains a larger 
quantity of copper in proportion as the fulphur is lefs in quan- 
tity, and gives fewer fparks with the fteel. It fometimes crys- 
tallizes in beautiful octahedrons. I pofTefs two fpccirrsens cov- 
ered over with trihedral pyramids cf near an inch long, and be- 
tween four and five lines in diameter at the bafes. 

When the fulphur is Co abundant that the proportion of cop- 
per will no longer pay for the working, the ore is called Macar- 
fite. The marcafne cryftailizes in cubes or in octahedrons, 
which eafdy efflorefce. 

The yellow copper ere is found in various dates according to 
the courfe of its decompofition. The firft impre'ffion of hepatick 
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vapours colours the furface In a thoufand fhades, in which flare 
it is known by the name of Peacocks Tail, Pigeons Neck, &c. 
The la ft degree of alteration of this ore, effected by the fim- 
ple difengagement of fulphur, forms the hepatick copper ore. 
The yellow colour is then converted into an obfcure bi-own col- 
our : this ore appears then to contain no other principles but 
water, copper, and iron, which lait is always more or lefs abun- 
dant in thefe ores. 

The yellow copper ore fometimes forms fuiphate of copper 
in its decompofition. This fait is diflblved in water, and forms 
fprings more or lefs loaded with it, from which the copper may 
be obtained by cementation. Old iron is thrown into the wa- 
ter ; the copper is precipitated, and the iron takes its place. In 
this way it is obtained in Hungary, and we might ufe this econ- 
omical procefs in feveral parts of our province. I have ftalac- 
tites in my collection, fent me from Cevennes, which are col-, 
oured blue by a very confiderable quantity of copper. In Ge- 
vaudan, at half a quarter of a league from St. Leger de Pcyre, 
feveral fprings of water impregnated with copper are found, 
which run into a valley. The inhabitants of this canton drink 
a glafs of the water occafionally as a purgative. 

The flceletons of animals are fometimes found in copper 
mines penetrated with that metal. Swedenburg has given an 
engraving of the figure of a fkeleton of a quadruped taken out 
of a copper-mine and coloured by that metal. In the royal cab- 
inet there is a human hind, green at the extremity of the fin- 
gers, the mufcles of which are dried and greenifh. According 
to the report of Mr. Level, conful of mines, there was found 
at Fahlun in Sweden, in the great copper mine, a human earcafe, 
which had remained there forty years, with the flefh and bones 
entire, without corruption, and without emitting any fmell. 
The body was clothed and entirely incrufted with vitriol. — 
Acta Literaria Suec. tri. i. anno 1722, p. 250. 

The turquoife (tones are merely bones coloured by the oxides 
of copper. Mr. De Reaumur, in the year 1725, gave an ac- 
count to the Academy of the turquoifes found in Lower 
Languedoc. The colour of the turquoife. frequently becomes 
converted into green, which depends on the alteration of the me- 
tallick oxide. The turquoife of Lower Languedoc emits a fe- 
tid fmell by the action of fire, and is decompofed by acids. The: 
turquoife of Prufha emits no fmell, and is not attacked by acids. 
Mr. Sage fufpe&cd that the offeous part is agitized in thefe laft. 

3. Grey copper ore. — The copper is mineralized by arfenick. 
It has a grey colour, and an appearance nearly vitreous. It ufu- 
ally contains aiver; and, when wrought to extras this precious 
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\], it is called the Grey Silver Ore. It affects a tetrahedral 
form ; and arftnids is the moft predominant of its principles. 

4. The grey antimonial copper ore. — This differs from the for- 
mer, becaufe it contains fulphur and antimony, and is much 
move difficult to be wrought. When expofed to the fire, it be- 
comes as fluid as water ; the fulphur is volatilized with the an- 
timony and the avfenick. The refidue of the torrefaclion is a 
mixture of the antimony and copper, and fometimes it contains 
filver likewife. 

5. Copper ores, in their decompofition, are reduced to a more 
or lefs perfect ftate of oxidation. The carbonick acid frequent- 
ly unites to the metal, and becomes the mineralizer. This fub- 
ilance is known by the name of Mountain Blue, Azure of Cop- 
per, Mountain Green, Malachite. 

A. The azure of copper cryftallizes in rhomboidal tetrahe- 
dral prifms, rather flattened, terminating jiin dihedral fummits : 
thefe cryftalsare of the moft beautiful blue j they are frequent- 
ly altered by expofure to the air, and become converted into 
malachite. 

Mr. Sage has imitated the azure, both in the form and col- 
our, by diffolving copper, in the cold, in water faturated with 
carbonate of ammoniack. When the azure of copper is of a 
lefs brilliant colour, and in the pulverulent form, it is called 
Mountain Blue. 

B. The malachite cryftallized in octahedrons has been found 
in Siberia. This ore is frequently ftriated, formed into fmall 
tufts of a filky appeartnee, or in very clofe parallel fibres. The 
malachite is frequently covered with protuberances. This fig- 
ure appears to announce that it has been formed in the fame 
manner as the ftalactites. 

Mountain green differs from the malachite only in its pulve- 
rulent form, and the mixtures which alter it. The alterations 
of the copper ores, and native copper likewife, produce a cupre- 
ous oxide, which bears the name of Red Copper Ore. The 
mine of Predanah, in the county of Cornwall, has afforded the 
fined fpecimens of red copper ore. The metal h nearly in the 
metallick ftate, and has the' form of oftahedral cryftals. The- 
granular red copper ore differs from this only in its figure. It 
fometimes has a brown martial earth for its gangue. 

The azure, the malachite, and the red copper require no oth- 
er procefs but mere fufion with coal to convert them into metal ; 
the other kinds require to be cleared of their mineralizer by tor- 
refaction, and afterwards to be fufed with three parts of black flux. 

To allay a fulphureous copper ore, Mr. Exchaquet propofes 
to make two gros of the crude ore, and one of the nitrate of pot- 
2...X 
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afh ; winch, after pulverization, are to be detonated in an ignit- 
ed crucible. The matter becomes hard after the detonation ; 
upon which the fire is to be increafed and kept up, in order that 
the fulphur may be diffipated. The fire is then to be ftill more 
ftrongly urged, until the ore enters into fufion ; and a mixture 
of half an ounce of tartar, one quarter of an ounce of fait, and 
a fmall quantity of charcoal, is to ba added in equal portions. 
An efFervefcence takes place at each projection of the mixture. 
The fire is then to be ftill more ftrongly raifed, and the cruci- 
ble covered, aiid kept in this ftate for half an hour, in order 
that the copper may flow into a mass. In this way a very mal- 
leable button of copper is obtained. 

The working of copper ores varies according to their com- - 
pcfition. But, as the fulphureous ores are mofb commonly 
wrought, we fhall confine ourfelves to the procefs which is molt 
iuitable to their nature. 

The metal is firft picked or forted j afterwards pounded in a 
mill, and wafhed, to feparate the gangue, and other foreign fub- 
ftances •, it is then roafted to drive off its mineralizer ; and af- 
terwards fufed in the blaft furnace. The refult of this firft fu- 
fion is black copper : which is again fufed in the refining fur- 
nace, to difTipate all the fulphure which has withltood the pre- 
ceding operations. When it is very pure, it is poured into a 
broad veifel, or teil ; a fmall quantity of water is thrown on its fur- 
face, which, being by that means cooled, feparates from the reft, 
and is taken up. This is the copper in rofettes, which is taken t& 
the hammer to be beat into proper form. The feveral opera- 
tions are different in various places. In fome countries, the ore 
is roafted as often as eight times •, in others one or two are fuf- 
ficient ; and in fome places it is not roafted at all. This varie- 
ty depends — i. On the variations of practice : thofe who roaft 
but little, employ move time and care in the fufion and refining. 
1. On the nature of the ore : when it is rich in iron, the roaft- 
ings are neceffary to difpofe this metal to fufion. 

The method of roafting is likewife prodigioufly varied. Pie- 
ces of the mineral are fometimes heaped up on a bed of combuf- 
tible matter, and in this manner the calcination is performed ; 
but, when this ore abounds with fulphur, it may be extracted by 
the ingenious procefs ufed at St. Bell, and defcribed by Meflrs. 
Jars in their excellent work. 

The fufion is commonly performed in the blaft furnace ; but 
at Briftol, in England, the ore is roafted in a reverberatory fur- 
nace, and fufed into black copper. 

The refining furnace conftructed at St. Bell, by Meflrs. Jars, 
a ^t#*5§ to me to be one of the bell. They have publifhed aa 
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excellent defcri prion of it, which may be confulted in their Min- 
■eralogical Travels. The refining of copper confifts in depriving 
it of the fulphur and iron which it may (till retain. The fulphur 
is diffipated by fire, and bellows properly directed ; and the 
.iron is fcorified by the affiftance of fome pounds of lead fufed 
with the copper. The fkilful mineralogies whom I have juft 
quoted, make ufe of a reverberatory furnace, lined with char- 
coal ; and fufe and lkum their copper, without ufmg lead. 

When the copper contains a fufheient quantity of filver to ad- 
mit of extraction, the following procefs is ufed : — i.Seventy- 
iive pounds of copper are fufed with two hundred and feventy- 
five of lead. The alloy is caft into flat pieces, which are called 
Loaves of Liquation. 2. Thefe loaves are expofed to a heat 
fufheient to fufe the lead, which carries the filver with it, and 
leaves the copper, which on account of its being more difficult 
to fufe, retains the original form of the loaves; and is every 
where penetrated by the interftices through which the fufed 
metal made its efcape ; thefe are called Dried Loaves of Liqua- 
tion. 3. They are carried into a fecond furnace, where they 
are expofed to a ftronger heat, to deprive them of the fmail 
quantity of lead which they Hill retain. 4. The lead is after- 
wards taken to the cupel, where it is fufed, and feparated from, 
all the filver it had taken up. 

Copper is altered by long expofure to the air. Its furface 
becomes covered with a greenifh coating, which is very hard, 
and known to the antiquarians under the name of Patin. This 
is the feal which attefts the antiquity of ftatues and 'models 
covered with it. 

Copper, expofed to the fire, becomes blue, yellow, and at 
laft violet. It does not flow until it is ftrortgly ignited. 
When in contact with the coals, it gives a blue greenifh tinge 
.to the flame ; and if it be kept a long time in fulion, part of it 
is volatilized. 

When copper is heated in contact: with air, it burns at its 
furface, and becomes changed into a blackifh red oxide. This 
oxide may be feparated by (Iriking the plate which has been 
ignited, or by plunging it in water. When the oxide has been 
pounded, and mod flrongly calcined, it aflumes a brown red 
colour, and may be .converted into a glafs of a brown colour by 
a more violent heat. 

1. The fulphurick acid only acts on copper when concen- 
trated, and very hot. It then diflblves it, and eafily affords blue 
cryftals of a rhomboidal form. The fulphate of copper is known 
jn commerce by the name of Blue Vitriol, Cyprian Vitriol, 
Blue Copper, &c. 
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Two methods are ufed to make the fulphate of copper winch 
is met with in commerce. The firft confifts in calcining the 
cupreous pyrites, and caufing them to efflorefce, in order to de- 
velope the fait, which is then extracted by lixiviation. The fe- 
cond confifts informing this pyrites artificially, burning it, and 
lixiviating it, to extract the fait. 

This fait pofiefles a very ftrong ftyptick tafte. It is eafily f u- 
fible by heat, which diffipates its water of cryftallization, and 
changes its colour to a bluifh white. The fulphurick acid may 
be extracted by a very ftrong fire. Lime and niagnefia deconir 
pofe this fait j and the precipitate is of a bluifli white colour. 
If it be dried in the open air, it becomes green. Ammoniack 
likewife precipitates the copper in a whitifh blue ; but the pre- 
cipitate is diflblved nearly the fame inftant that it is formed ; 
and the refult is a folution of a beautiful blue colour, known by 
the name of Aqua Celeftis. 

This fait contains in the quintal thirty pounds acid, forty- 
three water, and twenty-feyen copper. 

2. The nitrick acid attacks copper with efFervefcence, at the 
fame time that it becomes decompofed, and emits abundance of 
nitrous gas. When it is propofed to obtain this gas by the ac- 
tion of the acid upon the copper, it is nece/Tary to have the pre- 
caution of weakening the acid, and to prefent the copper in 
pieces of confiderable magnitude. If thefe circumftances be 
not attended to, the acid attacks the metal with fuch violence, 
as fuddenly to emit a prodigious quantity < f gas ; immediately 
after which an abforption takes place, and the water of the jar 
pafTes into the bottle. In this cafe ammoniack is formed. The 
diluted nitrick acid perfectly difiblves copper : the folution is 
blue. If it be fpeedily concentrated, no other refult is obtained 
but a magma without cryftals ; but if it be left expofed to the 
air, it affords cryftals in long parallelograms. By leaving a fo- 
lution of this kind to fpontaneous evaporation, I have obtained 
rhomboi^al cryftals, which, inftead of being blue, as they are 
ufually defcribed, are white. They decrepitate upon the 
coals, emit a red gas by mere heat, and nothing remains but a 
grey oxide. 

3. The muriatick acid does not diflblve copper unlefs it be 
boiling and concentrated ; the folution is green, and affords 
prifmatick cryftals of confiderable regularity when the evapora- 
tion is flow. This muriate is of an agreeable grafs-green col- 
our ; its tafte is cauftick, and very aftringent ; it fufes by a 
gentle heat, and congeals into a mafs ; in which the acid is fo 
adherent, that a very ftrong fire is required to difengage it. It 
U very deiiquefgent. Ammoniack dots not diflblve the oxide of 
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this muriate with the fame facility as it does that of the other 
cupreous falts. This obfervation was made by Mr. De Four- 
croy ; which I think may be explained from the circum ftance 
that the muriatick acid fullers the copper to be precipitated in 
the metallick form, inltead of giving out a portion of its oixgene 
which wouid facilitate the action of the alkali. 

4. The acetous acid, when made to atr. either hot or cold up- 
on copper, only corrodes it, and produces the fubftance known 
in commerce under the name of Verdigris. The verdigris 
which is mod ufed in the arts has been long fabricated at Mont- 
pellier exclusively. The prejudice which prevailed, that the 
cellars of this city alone were proper for this operation, preferv- 
ed this commerce till lately in its hands. But the progrefs of 
information has fucceflively put it in the power of other Coun- 
tries to partake in this manufacture. 

The procefs ufed at Montpellier confifts in fermenting the 
refufe of grapes with four wine.* This refufe is afterwards 
laid in alternate ftrata, with plates of copper fix inches long and 
five broad. In this (late they are left for a certain time ; after 
which they are taken out, and placed edgewife in a cellar, where 
they are fprinkled with four wine : in this fituation the verdi- 
gris fwells up ; and is afterwards fcraped off, put into facks of 
leather, and exported to foreign countries. 

Ready-made vinegar is ufed at Grenoble, and the plates of 
copper are fprinkled widr it. 

The verdetor verdigris of Grenoble contains one fixth lefs of 
copper ; the vinegar which is obtained is flronger and more a- 
bundant. It lias not the empyruematick fmell of that of Mont- 
pellier. The copper is therefore partly diflblved in the verdet 
of Grenoble ; becaufe it has been firft reduced into an oxide by 
the imprefiion of the vinegar, and afterwards attacked by the 
fubfequent affufion of the fame acid. It is therefore an acetate 
of copper. 

The oxides of copper, diflblved in vinegar, form a fait known 
by the name of Cryftallized Verdigris, Cryftals of Venus, Ace- 
tate of Copper. 

To obtain this fait, the vinaffe or four wine is diftilled ; and 
this weak vinegar boiled on the verdigris. The lo'ution is then 
conveyed into a boiler, where it is concentrated until a pellicle 
appears. Sticks are then plunged in the bath -, and at the end 
of a certain iiumber of days the (ticks are again taken out, cov- 
ered with rhomboidal cryitals of a blue colour. Thefe clufters 

* Vinaffe. 
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of cryftals, weighing each from four to fix pounds, arc wrapped 
up in paper, and diftributed for fale. 

The vinegar may be difengaged by diftillation from thefc 
•cryftals ; and the refidue is a cupreous oxide, which poffeffes 
the characters of pyrophorus. 

Vinegar, diftilled on .rnanganefe, diflblves copper ; whioh 
proves that it has taken up oxigene. The acetick acid, or rad- 
ical vinegar, differs from ordinary vinegar, in containing a great- 
er quantity of oxigene ; and it is this oxigene which renders it 
proper to diffolve copper in the metallick ftate. The acetate of 
.copper may likewife be formed by decompofing fait of Saturn, 
or fugar of lead, by the fulphate of copper. The fulphate of 
-lead falls down : and the folution when concentrated, affords a 
cupreous acetate. 

5. The pure fixed alkalis, digefted in the cold with filings of 
copper, become of a blue colour ; but ammoniack diflblves it 
much more fpeedily. I put copper filings into a bottle with 
very cauftick ammoniack, and kept the bottle flopped for two 
years ; the copper was deprived of its colour, and became fim- 
ilar in appearance to a grey clay ; whereas a fimilar veffel, in 
which I had placed the fame mixture, but left open, foon afford- 
ed me very fmall blue cryftals ; and the whole concluded by 
affording only a hard ftratum of green matter, refembling mal- 
achite. 

Copper is precipitated from its folutions by iron. For this 
purpofe nothing more is required than to leave the iron in one 
of the folutions of the other metal, which need not be ftrong. 
The phenomenon may be rendered very furprifing, by pouring 
the folution of the fulphate of copper upon the clean furface of 
a piece of iron ; for this furface inftantly becomes covered with 
copper. The copper obtained by this means, is known by the 
iiame of Copper Cementation. 

This precipitation of one metal by another, has given rife £0 
a belief that the iron was converted into copper : and I could, 
from my own knowledge, mention the names of individuals 
who have been impofed on by this phenomenon. 

Copper mixes with moft of the metals ; and forms — 

1 . With arfenick, the white tomback. 

2. With bifmuth, an alloy of a redd.ifh white colour, with 
cubick facets. 

3. With antimony, a violet-coloured alloy. 

4. It may be combined with zinc by fufion, or by cementa- 
tion with lapis calaminaris. By the firft procefs, fimilor, or 
the Manheim gold, is obtained j the produce of the fecond ig 
brafs. 
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5. Copper, plunged in a folution of mercury, afTumes a white 
colour, which arifes from the mercury which is difplaced by the 
copper. 

6. Copper is eafily united with tin ; and on this depends the 
art of tinning ; for which purpofe it is neceflary to clean the fur- 
face of the metal perfectly; becaufe the oxides do not combine 
with the metals. This firft object is accomplished by rubbing 
the metals intended to be tinned with the muriate of ammoni- 
ack, or by fcraping it effectually ; or even by paffing a weak acid 
over its whole furface. After this operation the tin is applied 
by fufing it in the veffel intended to be tinned, then fpreadinp- 
it about with old rags rolled up ; and the exidation of thefe met- 
als is prevented by means of pitch. 

Copper, fufed with tin, forms bronze, or bell-metal. This 
alloy is more brittle, whiter, and more fonorous, in proportion 
£0 the quantity of tin that enters into its combination : it is 
then ufed to make bells. When it is intended to be applied to^ 
the purpofe of calling ftatues, or forming great guns, a larger 
proportion of copper is ufed ; becaufe in this cafe folidity is one 
of the firft requifites. 

7. Copper and iron contract very little union. 

8. Copper, alloyed with filver, renders it more fuiible ; and 
thefe two metals are combined to form folders. Hence it is that 
verdigris is occafionally obferved in pieces of filver, at thofe parts- 
where joinings have been made by means of the folder. 

Copper precipitates filver from its folution in the ni»rick acid. 
This method is ufed in the mints to fcparate the filver from the 
acid, after the operation of parting. 

Copper is very much ufed in the arts. All the boilers in dye- 
houfes which are intended to contain compofitions that do not 
attack this metal, are made of copper. 

It is at prefent ufed as a fheathing for the bottom of fhips. 
All our kitchen utenfilsare made of it ; and, in ipite of the dan- 
ger to which we are daily expofed of being poilbned, and not- 
withflanding the flow and deftructive impreffion this metal can- 
not but produce upon us individually, there are few houles 
from which this metal is yet banifhed. It is a defirable object: 
that a law might be palled to prohibit its ufe amongft us ; #as has 
been done in Sweden, at the folicitation of the Baron de Schof- 
fer, to whom the publick gratitude has erected a ftatue of the 
fame metal. It is an allowable infringement of perfonal liberty, 
when government take upon them to direct the conduct of indi- 
viduals in fuch a manner as to fecure their own fafety. There 
is no year panes in which feveral perfons are not poifoned, by 
hams, or other food which is fuftered to remain in copper veffels. 



3^8 Properties vf Mercury 

Tinning is noi a complete remedy againfl: this danger ; for it 
leaves an infinity of point:; where the copper is uncovered.* 

The fulphate of copper is very much ufed in dying. The 
cryftals of Venus, and verdigris, are likewife ufed in painting •, 
inter into the compolition of colours, varnifhes, &c. ' 

The various alloys of copper with other metals, renders it 
highly valuable in the arts. Brafs, bronze, and bell-metal, are- 
very cxtenfively ufeful. 



CHAPTER XII. 
Concerning Mercury. 

MERCURY differs from all other metals, by its property of 
retaining the fluid (late at the ordinary temperature of the at- 
icre. 

It pcilefTes the metallick opacity and brilliancy ; and even ac- 
quires malleability when deprived of fluidity by a proper degree 
of cold. The belt afcertained experiment which has been made 
on this phenomenon, was performed by the Academy of Pe- 
terfburg, in 1759. The natural cold was increafed by a mix- 
ture of mow and highly concentrated nitrick acid ; and the 
thermometer of De Lifle was caufed to fall to 213 degrees, 
which correfponds with 46 below o of Reaumur. At this pe- 
riod the mercury appeared to defcend no lower : the bulb of the 
thermometer being then broken, the metal was found to be in a 
congealed flate, and bore to be flattened by the hammer. Mr. 
Pallas congealed mercury, in 1772, at Krafnejark, by the natural 
cold : he then found that it referhbled foft tin. It lias been af- 
certained in England that the degree of its congelation was the 
3 2d of Reaumur. Mr. Matthew Gutherie, conful at the court 
of the Emprefs of Ruffia, proved that the degree of cold of this 
congelation was 32 degrees below o of Reaumur ; and that, 
when the mercury is purified by antimony, it congeals at 2 de- 
grees lower* — See the Journal Encyclopedique, September, 

* It may befidesbe doubted whether the extrenjely thin white coating, 
h conceals the internal furface of tinned copper, be nor a kind of bell 
culum metal, inftead of tin, as it is generally iuppofed to be. T. 
f lor an account of this lubjecl, lee Dr. B'ngden's Iliftory of the Con- 
gelation of Mercury, in the leyeuty -third ?ol«rae of the Philofophica 
Tranl 
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Mercury is as indeftruc'tible by fire as gold and filver ; and 
its properties in general have cauted it to be arranged among the 
perfect metals. 

A cubick foot of this metal weighs 949 pounds ; and its fpe- 
cifick gravity is 13.5681. — Briffon. 

Mercury has been found in the earth in five different ftates. 

1 . Virgin Mercury is found in moft of the mines of this metal. 
Heat alone, or mechanical divifion of the ore, is furficient to ex- 
hibit it in the m'etallick form. 

Native mercury has been found in digging the foundations of 
fome houfes at Montpellier ; and this metal has been constant* 
ly mixed and confounded with a grey or red clay, which forrr.S 
a bed almofl continuous, at a few feet beneath the foundation 
of this town. 

The obfervations which I have had occafion to make on 
this fubje<fr, have afcertained that the mercury exifts in a 
itratum of decompofed grit-ftone, very argillaceous, ferru- 
ginous, and ochreous ; of a red, brown, or grey colour. Iri 
this clay, the globules of mercury, in confiderable abundance, 
were eafily diftinguifhable, lying upon greyifh plates. Traces 
are perceived which refemble dendrites ; and its imprefiions are 
formed by layers of the oxide of mercury. 

Several pounds of mercury have likewife been fourtd in ± 
well at Vienne in Dauphiny ; and Mr. Thouvenel has pointed 
but to us three mines of this metal iii the fingle province of 
Dauphiny, according to the indications of Bletori. 

2. Mr. Sage read to the Academy, on the 1 ith Of May, 1782, 
the analyfis of an ore of mercury, in the form of a folid oxide» 
which came from Idria in Friuli. It is of a brown red colour j 
and its fracture is grahulated. It is reducible by mere heat j 
and affords oxigenated gas. It emits only half the quantity af- 
forded by red precipitate ; becaufe this oxide contains metallick 
mercury. It affords ninety-one pounds of mercury per quintal, 
and a fmall quantity of filver. 

3. The muriate of mercury, or corneous mercury, has been 
found native in the mine of Mufchel-Lamburg, in the dutchy of 
Deux-Ponts. Mr. Sage obtained eighty-fix pounds of mercury 
per quintal. 

Mr. Woulfe has likewife difcovered, in 1776, a very ponder- 
ous white, green, or yellow cryftallized ore of mercury ; iri 
which he proved the exiftence of the fulphurick and muriatick 
acids. 

4. Mercury is fometimes naturally amalgamated with other 
Oietals, fuch as gold, filver, arfenick, copper, &c. 

2...Y 



Jl7° Mines of Alma Jen. 

5. Mercury is ufually mineralized by fulphur ; and the pro- 
duct is cinnabar or rcthiops, according to the colour- 
Cinnabar is found under different forms. I. In red cryftals, 
confifting of two triangular pyramids, truncated, and joined bafe 
to bafe, or elfe feparated by a very fhort intermediate prifm. 
Cinnabar has likewife been found cryftallized in tranfparent 
plates. 

2. Cinnabar is almofl always found in maffes, more or Iefs 
compact ; the colour varies from deep black to the brighter!: red. 
In this laft (late it is diftinguifhed by the name of vermillion. 

Cinnabar has for its gangue, quartz, clay, calcareous earth, 
ponderous fpar, and even coal The ore which the Germans 
called Brandertz, has for its gangue a bituminous matter, which 
burns perfectly well ; and it affords only fix pounds of mercury 
in the quintal. 

The principal Cinnabar mines which are wrought in Europe, 
are thofe of the Palatinate and thofe of Spain. Mr. Sage in- 
formed us, in 1776, of the procefs ufed iri the Palatinate ; and 
we are indebted to Mr. De Jufficu for a description of the meth- 
od ufed in Spain. 

In the Palatinate, the pounded and fifted ore is mixed with 
one third of lime ; and the mixture introduced into iron cucur- 
bits, one inch thick, three feet nine inches long, one foot wide, 
with an opening of five inches. Thefe veffels are difpofed in a 
gallery. Forty-eight of thefe retorts being arranged in two 
parallel lines, a fecond row is placed above the firft. To the 
neck of each cucurbit an earthen pot is adapted, which is one 
third filled with water, and accurately luted on. The gallery 
is heated at the two extremities ; feveral apertures formed in the 
dome ferve the purpofe of chimneys ; and the diftillation is ef- 
fected by a fire kept up for ten or twelve hours. 

This procefs was followed at Almaden till the year 1647, 
'when the following was adopted, as being more fimple and eco- 
nomical. The furnace is twelve feet high, and four/eel and ah 
half diameter within. At the diflance of five feet and an half 
from the ground, is an arch upon which the ore is difpofed, and 
a fire is kindled in the afh-hole. The fublimed mercury efcapes 
through twelve apertures formed in the upper part of the labor- 
atory. To thefe apertures, rows of aludels, inferted one in the 
other, are adjufted, and difpofed parallel upon a terrace, which 
terminates in a fmall building feparated into as many chambers 
as there are files of aludels. Each chamber has a cavity in the 
middle, to receive the fmall quantity of mercury which may ar- 
rive to that diflance. 
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Every furnace contains two hundred quintals of cinnabar, 
and the fire is kept up for three days. The fulphur which burns 
is difengaged in the form of lulpbureous acid, and efcapes 
through fmall chimneys made in each chamber. Every repeti- 
tion of the procefs affords from twenty-five to fixty quintals of 
mercury. 

The mine of Almaden has been wrought from time immemo- 
rial. Its veins are from three to fourteen feet in breadth ; and 
their breadth is even larger where they join. 

Hitherto no method has been difcovered to fix mercury but 
that of extreme cold. This metallick fubftance, naturally fluid, 
is capable of rifing even by a very moderate fire ; as is proved 
by an experiment of Mr. Achard, who having left a difh contain- 
ing twenty pounds of mercury over a furnace which was daily 
heated, experienced a falivation at the end of feveral days ; as 
did likewife two other perfons who had not quitted the cham- 
ber. He eftimates this heat at about eighteen degrees of Reau- 
mur. — Journal de Phyfique, October, 1782. 

It is dangerous to oppofe the evaporation or dilatation of this 
metal which is produced by heat. 

In the year 1732 an alchemift prefented himfelf to Mr. Geoff- 
roy, pretending he had difcovered the means of fixing mercury. 
He inclofed the metal in an iron box, and this box in five others, 
which were placed in a furnace ; the explofion was lb ftrong, 
that it burfb through the boards of the floor. Mr. Hellot has 
related a fimilar fact to the Academy. 

Mercury boils in the fame manner as other liquids when it is 
heated ; and for this purpofe it does not even require a very con- 
siderable heat ; the ebullition confifts merely in its tranfition to 
the vaporous (late : for it may be diftilled like all other fluids, 
and by that means cleared of its impurities. Boerhaave had the 
patience to diftil the fame mercury five hundred times fuccef- 
fively : and the metal fuffered no other change, than that it af- 
forded a grey powder, which required only trituration to convert 
it again into running mercury. 

Mercury is not eafily changed in the air ; but if the action of 
the air be affifted by heat, the mercury gradually lofes its fluidi- 
ty ; and at the end of feveral months forms a red oxide, which 
alchemifts have diftinguifhed by the name of Precipitate per fe. 
The apparatus made ufe of for this operation is a very large and 
very flat bottle, clofed with a flop per, in which there is a capil- 
lary perforation. The mercury within the bottle by this means 
poflefles the contact of air ; and by difpofing the apparatus upon 
a fand bath, and keeping up the ft ate of ebullition in the fluid, 
the oxide may be obtained in the courfe of feveral months. 
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This oxide gives out its oxigene by fimple heat, without any 
intermedium ; and the mercury refumes its metallick form ; one 
ounce affords about a pint. A quintal of mercury takes up a- 
bout eight pounds of oxigene. The red oxide of mercury, ex- 
pofed to heat, fublimes in clofe vefTels, and may be converted in r 
to a very beautiful glafs. I have obferved this on all occafions 
when I have made the red oxide by means of the nitrick acid, 
according to the procefs which I (hall immediately -defcribe. 

It is certain that mercury upon which water is boiled, com- 
municates a vermifuge property to. that liquid, though the molt 
accurate experiments of Lemery have (hewn that the metal does 
not perceptibly lofe weight ; which proves that the principle 
taken up by the water is very fugaceous, and fo light that it 
does not conftitute any fenfible part of the weight. Water 
which has remained for a certain time over mercury contracts a 
very evident metallick tafle. 

i. The fulphurick acid does not aft upon mercury unlefs 
affrfted by heat. Jn this cafe, fulphureous gas is difengaged \ 
and a white powder fails down, the quantity of which becomes 
greater in proportion as the acid is decompofed. This oxide 
weighs one third more than the mercury made ufe of. It is 
cauftick ; if hot water be poured on it, it becomes yellow ; and 
if it be urged by a violent heat, it affords oxigenous gas, and 
the mercury refumes its natural form. This yellow oxide, 
obtained by means of the fulphurick acid, is known by the 
name of Turbith Mineral. It has long been confidered as a 
fulphate of mercury. Mr. Baume has proved that it does not 
contain a particle of acid ; and it appears that the water which 
develops its yellow colour, feizes the fmall quantity of undecom- 
pofed acid which was mixed with the oxide. If the water 
which has been poured on it be evaporated, a fait is obtained in 
fmall, foft, and deliquefcent needles, which may be deprived of 
their acid by the fimple affufion of water. This fluid precipi- 
tates the mercury from them in the form of turbith. 

2- The nitrick acid of commerce, at the ftrcngth of thirty- 
five degrees, diffolves mercury with violence, even without the 
afliftance of heat. This folution is accompanied with the dif- 
engagement of a canfiderable quantity of nitrous gas ; be- 
caufe it is necefTary that the acid fhould reduce the metal to the 
ftate of oxide before it can act upon it. One part of the acid, 
is consequently employed in difpofing the metal for folution, 
and the other difiblves it in proportion as it is oxided. This is 
what happens when the fulphurick acid is digefted upon a met- 
al ; one portion is decompofed, and reduces the metal into an 
©side, while the other diflblves it. 
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The manner of effecting the folution of mercury in the ni- 
tride acid, has an influence on the properties of the mercurial 
nitrate. Bergmann has obferved that the folution which is 
made flowly and quietly, without difengagement of nitrous gas, 
affords no precipitate on the addition of water; whereas that 
which is made by the afliftance of heat, and with lofs of nitrous 
gas, affords a precipitate. It appears that the nitrick acid, aflift- 
ed by heat, is capable of becoming loaded with an excefs of 
mercurial oxide, which it lets fall when diluted with water. 

The method of performing the folution, and the procefs 
made ufe of to cryftallize it has an equal influence upon the 
form of the cryftals. I. The folution made in the cold, and left 
to fpontaneous evaporation, affords cryftals which appeared to 
Mr. De Lifle to be octahedral pyramids, truncated near their 
bafe, and having the four angles refulting from the junction of 
the bafes of their pyramids likewife truncated. 2. If the fame 
folution be evaporated, long and acute blades are obtained, lay- 
ing one upon the other, and ftriated obliquely acrofs. 3. The 
folution of mercury effected by heat, affords flat and acute nee- 
dles, ftriated lengthways. 

The nitrate of mercury is corrofive ; it detonates upon coals 
when it is very dry, and emits a whitifh flame of confiderable 
brilliancy. 

The mercurial nitrate, heated in a crucible, is fufed, and 
emits a confiderable quantity of nitrous gas together with its 
water of cryftallization. The remaining oxide becomes yellow ; 
and at length aflumes a lively red colour, and forms the fub- 
ftance called Red Precipitate. In order to make a very fine 
red precipitate, the mercurial folution muft be put into a retort, 
and diftilled until no more vapours come over. An additional 
quantity of nitrick acid muft then be poured on the remainder, 
and likewife diftilled off. After three or four repeated diftilla- 
tions, a very beautiful precipitate is obtained in fmall cryftals of 
a very fuperb red colour. 

The folution of mercurial nitrate forms mercurial water. It 
is of ufe to afcertain the prefence of fulphurick and muriatick 
falts in mineral waters. 

The acids, the alkalis, the earths, and fome of the metals, 
likewife precipitate mercury from its folution in the nitrick acid. 
Thefe precipitates always confift of the oxides of mercury in a 
greater or lefs degree of perfection, according to which circum- 
stances their colour is Subject to variation. On this head, 
Lemery, Baume, &c. may be confulted. 

Mr Bayen has discovered that fome of thefe precipitates pof- 
.lefs the property of fulminating, when mixed with a fmajl 
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quantity of fublime<l fulphur. This chemift has pointed out 
three — i. The precipitate of mercury from its folution in the 
nitrick acid, by the affiftance of the carbonate of ammoniack. 
2. The precipitate of the fame fluid by lime-water. 3. 'lhe 
precipitate of the folution of corrofive fublimate by lime-water. 
Half a gros is to be triturated with fix grains of lublimed ful- 
phur. After the detonation, a violet-coloured powder remains 
which affords a fine cinnabar by fublimation. 

3. The muriatick acid does not fenfibly act upon mercury : 
but if it be digefted for a long time upon the metal, it oxides it, 
and at length diflblves the oxide, as may be concluded from the 
experiments of Hombcrg, inferted in the volume of the Acade- 
my of Sciences for the year 1,700. 

The muriatick acid completely diflblves the mercurial oxides. 
When thefe oxides are nearly in the metallick ftate, or charged 
with a fmall quantity of oxigene, the muriate of mercury is 
formed. When, on the contrary, the oxide of mercury is fat- 
urated with oxigene, the oxigenated muriate of mercury, or 
corrofive fublimate of mercury, is formed. 

Corrofive fublimate may be formed according to two methods; 
in the dry way, or in the humid way. 

To make this fait in the dry way, the operator may proceed 
in various manners. 

1. Equal parts of dried nitrate of mercury, decrepitated mu- 
riate of foda, and fulphate of iron calcined to whitenefs, are 
mixed together. This mixture being expofed to fublimation, 
the product which arifes is corrofive fublimate. 

2. Running mercury is ufed in Holland inftead of the ni- 
trate of mercury ; and the fame refults may be obtained by u- 
Cng any oxide of mercury whatever. 

3. Equal parts of the fulphure of mercury, and the decrepi- 
tated muriate of foda, afford the fame fait by fublimation. 
Thisprocefs of Kunckel has been revived by Boulduc. 

4. Mr. Monnct aflures us that he obtained corrofive fubli- 
mate by treating the dry muriate of foda, and a mercurial oxide, 
in the way of diltillation in .a retort. 

If mercury be diflblved in the oxigenated muriatick acid, the 
iolution,when concentrated, affords very fine corrofive fublimate. 
It may likewife be obtained by precipitating the mercury from 
mercurial water by the fame acid, and evaporating the folution. 

I have obtained very fine fublimate by presenting a mercurial 
<vxnle, fufficiently loaded with oxigene, to the ordinary muriatick 
acid. One pound of muriatick acid, at the ftrength of twenty- 
five degrees, poured upon one pound of red oxide by the nitrick 
acid,.difcoloursit, in a fhort time diflblves it with a violent beat) 
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and this folution, diluted with water, and properly evaporated, 
affords from twelve to fourteen ounces of cryftals of corrofivc 
fublimate. 

The corrofive muriate df mercury has a ftyptick tafte, follow- 
ed by an exceedingly difagreeable metallick tafte. When plac- 
ed on hot coals, it is diffipated in fumes •, when flowly heated 
in fubliming veffels, it rifes in prifmatick cryftals, fo much fat- 
tened , that their faces are fcarcely diftinguifhable. The affem- 
blage of thefe has induced authors to compare them to fword 
blades lying acrofs each other. 

This fait is foluble in nineteen parts of water ; and when 
the folution is concentrated, it affords cryftals fimilaj to thofe 
obtained by fublimation. 

Barytes, magnefia, and lime decompofe this fait. Half a gros 
of corrofive fublimate in powder, thrown into a pint of lime- 
water, forms a yellow precipitate. This fluid is known by the 
name of Phagedenick Water. 

Fixed alkali precipitates the mercury in an orange-coloured 
oxide ; and volatile alkali in the form of a white-powder, which 
becomes brown in a fhort time. 

The fame muriatick acid, combined with a lefs perfect oxide 
of mercury, forms the mild muriate of mercury, or mercurius 
dulcis. This combination may likewife be made by two meth- 
ods ; by the dry, or the humid way. 

i. In the dry way, four parts of corrofive muriate of merctt- 
ry are triturated in a mortar with three of running mercury. 
When the mercury has difappeared, the mixture is put into 
phials, and fublimed three fucceffive times, in order that the 
combination may be more accurate. This fublimate differs from 
corrofive fublimate by its infolubility in water, its infipidity, 2nd 
the form of its cryftals, which are tetrahedral pyramids, termi- 
nated by four-fided pyramids. To obtain this regular form, it 
is neceffiry that the fublimation fhould be made at a moderate 
heat ; for, if the heat be fufficient to liquefy the fait, the refult 
is merely cruft, with no appearance of cryftals. As the tritura- 
tion of corrofive fublimate is dangerous, on account of the pow- 
der which rifes, Mr. Baume pours a fmall quantity of water uporr 
the mixture. This liquid accelerates the trituration, and pre- 
vents therifing of the drftruefcive powder. 

Mr. Bailleau has propofed the incorporating of corrofive fub-* 
limate with water, and triturating it with running mercury. 
The combination is completed by digefting the mixture on ~- 
fand bath by a gentle heat. The matter becomes white, ani 
requires only a (ingle fublimation. Whenever it is fufpecred 
that mercurius dulcis ftill retains a portion of corrofive fublimate, 
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nothing more is necefTary to be done than to triturate it, and 
pour boiling water upon it j for by this means the whole of the 
foluble fait which may have remained, is carried off. 

Mr. Baume has proved that there is no intermediate ftate be- 
tween mercurius dulcis and corrofive fublimate. If lefs mercury 
be added to the fublimate, a proportional quantity of mercurius 
dulcis only fublimes, and the reft rifes in the form of corrofive 
fublimate ; if a greater quantity of mercury be added than is ne- 
cefTary to convert the whole into mercurius diilcis the excefs re- 
mains in the form of running mercury. 

The fame chemift has likewife proved, that a portion of the 
mercury is always loft at each fublimation ; and that a fmall 
quantity of corrofive fublimate is formed, which arifes from the 
alteration of the mercury. Hence it follows that the mercurial 
panacea, which is made by fubliming mercurius dulcis eight or 
nine times, is a more fufpicious remedy than the mercurius 
dulcis itfelf. 

2. Mercurius dulcis may likewife be made by decompofing 
mercurial water by a folution of the muriate of foda. The 
white precipitate which is obtained may be fublimed, and forms 
an excellent mercurius dulcis. I communicated this procefs to 
the Society of Sciences at Montpellier two years before Mr. 
Scheele made it known. 

The corrofive muriate of mercury differs therefore from the 
mild muriate by the ftate of its acid. 

The mercurial oxides are equally foluble in the other acids. 

3. A folution of borax, mixed with mercurial water, forms a 
very abundant yellow precipitate, which is nothing elfe but the 
combination of the acid of borax and mercury. A fmall quan- 
tity of this fait remains in folution, which may be obtained m 
brilliant cryftals by evaporation. 

4. The acetous acid likewife diffolves the oxide of mercury, 
and affords white foliated cryftals. 

Mercury precipitated from a folution of the acetate of mer- 
cury, combines with the acidulous tartrite of pot-aih, and forms 
vegeto-mercurial water of PrelTavin. 

The acetate of mercury is the bafis of Keyfer's pills. 

5. Mercury, artificially mixed with fulphur, forms the red or 
black fulphures, known, on account of their colour, by the names 
of iEthiops or Cinnabar. 

To form the iEthiops, or black oxide of mercury, three meth- 
ods may be followed. 

i. Four ounces of mercury may be triturated with twelve 
ounces of fublimed fulphur in a glafs mortar. The refult is a 
black powder, called iEduops Mineral. 
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2. Four ounces of fulphur may be fufed in a crucible, and one 
ounce of mercury extinguished in it. The mixture readily takes 
fire, but the inflammation is to be prevented ; and the blackim 
refidue, being pounded, affords a greenifh powder, which is a 
true rethiops. 

3. The jethiops may be made by pouring the fulphure of 
pot-afh upon mercurial water. 

Thefe sethiops afford by fublimations cinnabar, or the red 
fulphurated oxide. But in order to make it with a greater de- 
gree of accuracy, four ounces of fublimed fulphur are fufed in 
an unglazed earthen pot, and one pound of mercury mixed 
with it by ftirring or agitation. When thefe fubftances have 
combined to a certain degree, the mixture fpontaneoufly takes 
fire, and is fuffered to burn about a minute. The flame is 
then fmothered, and the refidue pulverifed, which forms a vio- 
let powder, ufually weighing about feventeen ounces five gros. 
This powder being fublimed, affords a fublimate of a livid red 
colour ; which, when pounded, exhibits a fine red colour, 
known by the name of Vermillion. 

Three parts of cinnabar, mixed with two ounces of iron fil- 
ings, afford very pure mercury by* diftillation, which is called 
mercury revived from cinnabar. Lime, the alkalis, and mod 
of the metals, may be fubftituted inllead of the iron. 

Mercury amalgamates with mod other metals. On this 
property is founded the art of water-gilding, or gilding upon 
metals, the tinning of glaffes, the working of gold and filver 
mines, &c. 

Mercury is likewife ufed in the conftruftion of meteorologi- 
cal inftruments, in which it pofleffes the advantage over other 
fluids— ti. That it does not eafily freeze. 2. It is more eafily 
and gradually dilatable, according to the fine experiments of 
Meffrs. Bouquet and Lavoifier. 3. It is very nearly of the fame 
Quality in different fpecimens. 

Mercury may be ufed in fubftance as a remedy againft, the 
volvulus, and it has never been obferved to produce bad effects. 
It is mixed with fat, to form unguents very much ufed in venere- 
al cafes. Thefe arc prepared with one third or half their weight 
of mercury, according to the exigence of the cafe. 

The mercurial water is ufed as an efcharotick. 

The red oxides anfwer the fame purpofe. 

The mild mercurial muriate is ufed as a purgative. It en- 
ters into the compofition of pills which are ufed in venereal caf- 
es, with the intention of carrying off the morbifick matter by 
the (kin. 

2...Z 
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The corrofive muriate of mercury is of very extenfive ufe, 
more efpccially againft venereal diforders. This remedy re- 
quires (kill and prudence ; but I have received it as the com- 
mon opinion of all phyficians of reputation, that it is the molt 
powerful and certain remedy poflefl'ed by the art of medicine. 
In a large dofe it irritates the fyftem, affects the ftomach, occa- 
fions fpafms in the lower belly, and leaves impreffions which 
are difficult to be eradicated. 

Cinnabar is ufed in fumigations, to deftroy certain infects 
which attach themfclves to the fkin. It is likewife ufed as a 
pigment. 



CHAPTER XIII. 
Concerning Silver. 

SILVER is a metal of a white colour, pofTeffing neither fmell 
nor tafte, nearly unalterable by fire, very ductile and tenaceous. 
A cubick foot of this metal caft weighs feven hundred and 
twelve pounds j the fpecifick*gravity of caft filver is 10.1752. 
See Briffon. — It is found in the earth in five different dates, 
which we (hall proceed to confider. 

1. Virgin or native filver. — Native filver is found in various 
forms. 1. In ramifications compofed of octahedrons inferted 
one in the other. This variety is known by raoft mineralogifts 
under the name of Virgin Silver in Vegetation. Four procef- 
fes, indicated by Mr. Sage, are known for the cryftallization of 
filver : amalgamation, reduction by phofphorus, reduction by 
copper, and fufion. 

A detail of thefe four procefTes may be feen in his Analyfe 
Chimique, book iii. p. 238, et feq. 

Native filver is likewife found in fmall capillary, flexible, and 
intertwined threads. The decompofition of the red or vitreous 
filver gives rife to this fpecies ; it may even be produced by 
a flow calcination of one of thefe ores. 

Silver is likewife found in irregular forms ; either in fmall 
plates difperfed in the gangues, or in mafies. Albinus reports, 
in the Chronicle of the Mines of Mifnia, that in the year 1478, 
a lump of native filver was found at Schneeburg, weighing four 
hundred quintals. Duke Albert of Saxony defcended into the 
mine to fee this furprifing mafs of filver, and had dinner ferved 
up upon it. 

2. The vitreous filver ore, or filver mineralized by fulphur. 
—This ore is of a grey colour, and may be cut like lead. It cry f- 
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tallizes in octahedrons, or in truncated cubes, a'nd is moll fre- 
quently found of an indeterminate figure. Thefulphur may be 
extracted by heat. It affords about fixteen pounds in the quin- 
tal. 

When the fulphur is contained in a greater proportion in 
this ore, it becomes black, porous, and friable. 

3. Red filver ore : filver mineralized by fulphur and arfen- 
ick. — This fpecies cryftallizes in hexahedral pyramids, termina- 
ting in an obtufe trihedral pyramid, with rhombick faces. It is 
frequently found in irregular manes of no determinate figure. 
It poffeffes the colour and tranfparency of the ruby. 

Mr. Sage has obtained from this ore, by diftillation, water, 
carbonick acid, and the fulphurated yellow and red oxides of ar- 
fenick. If this ore be calcined in a teft, and the mineralizer be 
fuffered to exhale, the refidue is found to be in the metallick 
ftate, exhibiting contorted threads of filver at its furface. Part 
of the filver paffes to the ftate of grey oxide in this operation. 

4. White antimonial filver ore : filver and antimony miner- 
alized by fulphur. — This ore is as white as filver ; it is brittle, 
and of a granulated fracture. Sometimes it is found in hexa- 
hedral prifms, truncated and flat at each end : this kind is found 
in the principality of Furltenburg. When expofed to heat, it 
becomes as fluid as water, emits antimony and fulphur, and 
leaves the filver behind, together with an oxide of antimony. 
This femi-metal is cleared off by fufion, affifted by proper fluxes, 
and cupellation. 

5. The corneous ore of filver, or muriate of filver This fpe- 
cies is of a dirty yellow grey : it is foft, and may be eafily brok- 
en or cut. A gentle heat caufes it to flow ; it fublimes with- 
out decorrpofition, is moft frequently found of no regular form, 
but fometimes cryftallized in cubes. The muriatick acid is its 
mineralizer. Mr. Woulfe has fhewn that it likewife contains a 
fmall quantity of fulphurick acid. 

6. Silver is alfo very frequently alloyed with various metals, 
fuch as lead, copper, bifmurh, cobalt ; and thefe ores are fome- 
times wrought on account of the quantity of filver they contain. 

The manner of working a filver ore varies according to its 
nature ; but all the proceffes ufed in the various countries may 
be reduced to the following : 

1. In Peru and Mexico the mineral is pounded, roafted, 
wafhed, and afterwards triturated with mercury in copper boil- 
ers filled with water kept at the boiling heat. The whole is ag- 
itated by means of a kind of mill. The amalgam is afterwards 
expreffcd in a fkin ; then heated, ta drive off the remaining 
mercury ; after which procefs the filver remains alone. 
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This method is defective — i. Becaufe the fire volatilizes a 
portion of the muriate of filver which abounds in thefe ores. 
2. The wafhings carry with them a portion of the oxide of fil- 
ver. 3. The mercury does not amalgamate either with the 
muriates of filver, or the fulphates of that metal. 

2. When filver ores, mineralized by fulphur or arfenick, are 
to be wrought, they are roafted, pounded, wafhed, and fufed 
with lead. This metal feizes all the filver, from which it is 
again feparated by cupellation. 

3. When the filver ore is poor, it is fufed with cupreous py- 
rites, and the mixture treated in the way of liquation. — See the 
article Lead. 

To determine the degree of purity of the filver, a given weight 
cf filver is fuppefed to be compofed of twelve parts, called pen- 
ny weights ; each penny weight is divided into twenty-four 
grains. Silver, clear of all mixture, is faid to be twelve penny 
weights fine. 

In order toaffay filver, and to afcertain its degree of finenefs, 
the regulation of the Court of Monies of France prefcribes, that 
thirty-fix grains of filver be taken, and wrapped in a plate of 
lead containing no fine metal, and then expofed to cupellation. 
From the lofs which the button of filver that remains on the 
cupel has fuffered, a judgment is made of the quantity of alloy. 
If the lofs be one twelfth of the whole, the filver is laid to be 
eleven penny weights fine. The details relating to this opera- 
tion may be feen in VArt d'ejhyer I'Or et f Argent y par M. Sage. 

Silver may be rendered hard by mixing it with copper ; and 
for this reafon it is alloyed with that metal for filverfmiths work, 
as well as for the coinage. The law permits one twelfth of al- 
loy in filver money j* and it is this portion of copper which 
renders the folution of filver coin in the nitrick acid blue. 

Silver is not changed by the contact of air. A confiderable 
heat is required to fufe it 5 but it may be volatilized by ftrong 
iire without alteration, as is proved by the capital experiments 
of the Academicians of Paris, made in the focus of the lens of 
Mr. Trudaine. 'Phis metal emirs a thick fume, which whitens 
plates cf gold expofed immediately over it. 

Junker converted filver into glafs, by treating it in a way of 
reverberation, after the manner of liaacus Holland us, in a very 
ftrong fire. 

Macquer, by expefing filver twenty times fucceiTively to the 
porcelain furnace cf Seves, obtained glafs of an olive green col- 
our. It was likewife obferved that this metal, when expofed to 

* The Britifh coinage is 11 ounces 3 penny weights fine. T, 
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the focus of a burning mirror, prefented a white pulverulent 
matter on its furface, and a greenifh vitreous covering on the 
fupport upon which it was placed. 

Though thefe experiments clearly prove that filver is capable 
of combining with oxigene, the difficulty which is found in ef- 
fecting this combination, and the facility with which this air 
is difengaged from the oxides of filver, prove that there is but 
little affinity between thefe two fubftances. 

If filver in a ftate of extreme divifion be prefented to the 
concentrated and boiling fulphurick acid, fulphureous gas is dif- 
engaged : the filver is reduced into a white matter, which is a 
true oxide of filver ; and contains a fmall quantity of fulphate, 
which may be obtained in fmall needles, or in plates formed by 
the union of thefe needles lengthways, as Mr. De Fourcroy has 
obferved. This fait flows by heat, and is very fixed. If filver 
be precipitated by metals or alkalis, thefe precipitates are reduci- 
ble without addition. 

The nitrick acid diflblves filver with rapidity : much nitrous 
gas is difengaged. The folution is at firft blue : but this colour 
dilappears when the filver is pure ; and degenerates into a green 
colour, if it be alloyed with copper. The nitrick acid is capa- 
ble of diffolving more than half its weight of filver. The folution 
then lets fall cryitals in hexagonal, triangular, or fquare plates, 
which are called Nitrateof Silver,LunarCryftals, Lunar Nitre, &c. 

The folution of thefe cryftals, generally known by the name 
of Solution of Silver, is very cauftick. It colours the fkin black, 
burns the epidermis, and fo completely deftroys its organization, 
that the fpot difappears only by the renewing of the fkin. 

The nitrate of filver melts on burning coals ; but if it be ex- 
pofed to a gentle heat, in earthen or metallick veffels, it liquefies, 
and may then be caft in moulds. This fufed nitrate of filver 
forms the hpis infernalis. Care mult be taken to pour it out 
as fcon as it is fufed ; becaufe otherwife the acid would be dif- 
engaged, the filver would be revived, and the lapis infernalis, or 
lunar cauftick, would lofe its virtue. 

Lapis infernalis, made with pure filver, and prepared as above 
defcribed, is whitifh ; whereas it is blackifh whenfuffered to re- 
main in fufion for any time. 

Lapis infernalis is very frequently mixed with nitrate of cop- 
per. This fraud is reprehenfible, becaufe it is an alloy which 
renders wounds of a bad character. 

The lapis infernalis is ufed as an efcharotick, and to corrode 
fungous excrefcenccs. 

Silver may be precipitated from its folution by lime-water, 
alkalis, and feveral metals. Thefe laft exhibit very important 
phenomena. 
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I. A plate of copper, immerfed in a folutlon of filver diluted 
in water, precipitates the metal. It adheres at the moment of 
precipitation to the furface of the copper, where it forms a kind 
of mofs. In proportion as the filver is precipitated, the water 
afiumes a blue tinge j which proves that the copper is diflblved 
in the nitrick acid, in the room of the filver. When the whole 
of the filver is difengaged, the water is to be decanted, the fil- 
ver dried, and fufed in crucibles, to be call into ingots. This 
filver almoft always retains a fmall quantity of copper ; of 
which it may be deprived by cupellation with lead, which ren- 
ders the filver pure ; this procefs is ufed in the mints, where the 
parting operation of gold from filver is performed. The firft 
ftep confifts in feparating the filver by means of nitrick acid ; 
and this is afterwards precipitated by the addition of copper. 

2. The filver is likewife precipitated by mercury. In this 
operation it amalgamates with a fmall quantity of the mercury, 
and forms tetrahedral cryftals terminated by a tetrahedral pyra- 
mid, which cryftals are articulated into each other. This ar- 
rangement gives them the form of a vegetation ; and has caufed 
the precipitate to be known by the name of the tree of Diana, 
Arbor Diana. Lemery, Homberg, and other chemifts, have 
fucceflively publifhed procefles to produce this phenomenon ; 
but that which has fucceeded beft in my hands, is defcribed by- 
Mr. Baume. Six gros of the folution of filver, and four of that 
of mercury, both well faturated, are taken, and diluted with five 
ounces of diftilled water. Thefe are to be put into a conical 
veflel ; and an amalgam of feven parts of mercury, and one of 
filver, is to be poured in. A multitude of fmall cryftals inftant- 
ly appear to difengage themfelves from the furface of the amal- 
gam, upon which new ones articulate themfelves ; and a veget- 
ation is produced, which perceptibly rifes under the eye of the 
fpe&ator. To render this phenomenon more ftriking, I decant 
the exhaufted water, and fubftitute frefh ; by this means I can 
fill any veflel whatever with thefe vegetations. The mercury 
amalgamated with the filver, in this operation, may be feparated 
by means of fire. 

The muriatick acid does not diflblve filver, but it fpeedily 
diflblves its oxides. The oxigenated muriatick acid diflblves 
filver. 

To produce a certain and fpeedy combination of the muri- 
atick acid with filver, this acid is to be poured into a folution of 
the nitrate of filver. A precipitate immediately falls down, 
which is known by the name of Luna Cornea. This muriate 
of filver is very iulible ; and runs into a grey and tranfparent 
fubftance, confiderabiy refembling horn. If a ftronger degree 
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of heat be applied, it is decompofed, part is volatilized, and the 
other part reduced into filver. 

The muriate of Giver, expofed to the light of the fun, be- 
comes brown in a fliort time. Oxigenous gas is difengaged ; 
which may be collected by placing it under water, according 
to the procefs of Mr. Berthollet. Moft of the folutions of the 
metals have the fame property. Lunar nitre likewife becomes 
coloured, and emits itsoxigene and nitrous gas. 

One pound of boiling water does not diflblve more than three 
or four grains of muriate of filver, according to the obfervation 
of Mr. Monnet. The alkalis are capable of decompofing the 
muriate of filver, and feparating the metal. The filver may be 
difengaged from its muriate by fufion with three parts of black 
flux. 

Mr. Berthollet has taught us the following procefs, to form 
the molt dreadful and the moll aftonifhing fulminating powder 
we have yet been acquainted with. Take fine filver of cupella- 
tion ; diflblve it in nitrick acid ; precipitate this folution by lime- 
water ; decant the water, and expofe the oxide for three days 
to the air. Mr. Berthollet is of opinion that the prefence of 
light has fome influence in the fuccefs of this experiment. 

Mix this dried oxide in ammoniack, or volatile alkali, and it 
will aflume the form of a black powder ; decant the fluid, and 
leave the powder to dry in the open air. This is the fulminat- 
ing filver. 

Gunpowder, and even fulminating gold itfelf, cannot be com- 
pared with this new product. The contact of fire is neceflary 
to caufe gunpowder to detonate ; and a determinate degree of 
heat is required to caufe fulminating gold to fulminate : but the 
contact of a cold body is fuflicient to produce the detonation of 
fulminating filver. In a word, this product, once obtained, can 
no longer be touched : no attempts muft be made to inclofe it 
in a bottle, but it muft be left in the capfule wherein the evap- 
oration was performed. 

It is ufelefs to obferve, that the fulmination ought not to be 
attempted but with fmall quantities ; the weight of a grain, for 
example : for a larger mafs would give rife to a dangerous deto- 
nation. The neceffity of making this preparation with the face 
covered with a mafk with glafs-eyes, may be eafily conceived. 
It is prudent to dry the fulminating filver in fmall metallick cap- 
fules. 

The following experiment will complete the notion which 
ought to be formed of the fulminating property of this prepara- 
tion. 
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Take the ammoniack which was ufed in the converfion of the 
oxide of filver into the black precipitate which forms fulminat- 
ing filver : put this ammoniack into a final! mattrafs of thin 
glafs, and let it be fubjected to the degree of ebullition neceflary 
to complete the combination. Take the mattrafs from the fire ; 
and a rough covering of cryftals will be formed on its internal 
furface which is beneath the fluid. If one of thefe cryftals be- 
neath the cold fluid be touched, an explofion takes place which 
breaks the mattrafs. 

The procefs for obtaining fulminating filver being defcribed, 
its effecls known, and the cautions neceflary for repeating the 
experiment being well afcertained, we (hall fpeak a word con- 
cerning the theory of the phenomenon : it is the fame as that 
of fulminating gold, laid down by Mr. Berthollet. — See the Me* 
moirs of the Royal Academy of Sciences, for the year 1785. 

In this operation, the oxigene, which adheres very flightly to 
the filver, combines with the hydrogeneof the ammoniack. From 
the combination of the oxigene and the hydrogene, water in the 
ftate of vapour is produced. This water, inftantly vaporized, 
and pofiefling all the elafticity and expanfive force of that ftate, 
is the principal caufe'of the phenomenon ; in which the nitro- 
gene, which is difengaged from the ammoniack, with its whole 
expanfibility, likewife bears a principal part. 

After the fulmination, the filver is found reduced or revivi- 
fied ; that is to fay, it has refumed its metallick ftate. It again 
becomes the fame white, brilliant, and pure metal which it was 
when taken out of the cupel. 

The principal ufe of filver is in coinage, as the reprefentativc 
fign of the value of other commodities. 

Its metallick brilliancy has caufed it to be adopted as an orna- 
ment ; its hardnefs and unchangeablenefs in the air, render it 
ve/y valuable. 

It is alloyed with copper, to form folder ; whence it happens 
that filver utenfils are fubject to ruft and verdigris, at the places 
where they are foldered. 



CHAPTER XIV. 

Concerning Gold. 

GOLD is the mod perfect, the mod ductile, the mod tena- 
cious, and the mod unchangeable, of all the known metals. 
A cubick foot of pure gold, caft and not hammered, weigh* 
1348 pounds ; and its fpecifick gravity is 19.2581. — See Briflbn. 
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Gold has neither fmell nor tafte ; its colour is yellow, and 
this varies according to the purity of the metal. 

I. As Gold is fubjedl: to very little alteration, it is almoft al- 
ways found in the native ftate ; and under this form it exhibits 
the following varieties : — 1. It is found in octahedrons in the 
GoJd mines of Boitza in Tranfylvania. Thefe oclahedrons are 
fometimes truncated in fuch a manner as to have the appearance 
of hexagonal plates. This native gold is alloyed with a fmall 
quantity of filver ; which, according to Mr. Sage, gives it a 
pale yellow colour. It has likewife been found cryfiallized in 
tetrahedral prifms, terminated by four-fided pyramids. The 
amalgam made with certain precautions is Hkewife capable of 
caufing gold to aiTume a form nearly fimilar, according to 
Mr. Sage ; and gold reduced by phofphorus fometimes exhibits 
octahedral cryftals. 

Gold likewife cryftallizes by fuficn. MefTrs. Tillet and Mon- 
gez obtained it in Ihort quadrangular pyramids. 

2. Native gold fometimes exhibits fibres or filaments of vari- 
ous lengths j it is likewife found in plates diffeminated on a 
gangue. The gold ore of Lagardet, a few leagues diftant from 
Alemont in Dauphiny, is of this kind. 3. Gold is likewife found 
fometimes in fmall plates or fpangles, difperfed in fand or earths : 
under this form it is found in the auriferous rivers, fuch as the 
Ariege,.the Ceze, the Gardon, the Rhone. Thefe fmall plates 
are fometimes one line in diameter, but mod commonly too 
fmall to be feeu by the naked eye. 4. Gold is fometimes found 
in irregular mafles ; in which instance it is known by the name 
of Gold Duft. Very large pieces of this kind are found in 
Mexico and Peru. 

3. Gold is fometimes mineralized by fulphur, by the means 
of fire. The auriferous pyrites are frequently found in Peru,. 
Siberia, Sweden, Hungary, &c. To afcertain whether a pyrites 
Contains gold or not, it mult be pounded, and nitrick acid pour- 
ed upon it until it takes nothing more up. This folution mult 
then be diluted with much water. The lighted infoluble parr3 
may be carried off by warnings ; and the vendue, upon exami- 
nation, will (hew whether it contains geld or not. 

When the martial pyrites is decompofed, the gold is always 
difengaged ; and it is probable that the fmall plates oi' gold in the 
auriferous rivers, are afforded by a decompofition of this kind. 

Gold is fometimes mineralized by fulphur, with the affiftance 
of zinc, as in the gold mine of Nagyag. This ore likewife con- 
tains lead, antimony, copper, filver and gold. 

4. Mr. Sage has given a defcription and analyfis of an arfen* 
leal ore of gold. 

3...A 
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5. Gold like wife exifts naturally in vegetables. Becher ob- 
tained it. Henckel affirmed that they contained it ; and Mr. 
Sage has refumed this enquiry, and found it according to the 
following table, which expreffes the quantities of gold obtained 
from the quintal of the feveral earths. 

Ounces, Gros. Grains. 

Rotted manure (.terrean) o 1 5& 

Earth of uncultivated ground > a A6 

(terre de Bruyere) 5 ° 

Garden mould o S ° 

Mould of a kitchen garden ~> 
manured with dung yearly > z 3 40 

for fixty years > 

Thefe refults were at firft. contefied ; bat at prefent it ap> 
pears to be generally agreed that gold is obtained, but in a leig 
quantity. Mr. Berthollet obtained forty grains and eight twen- 
ty-fifths of gold in the quintal of afhes. Meffrs. Rouelle, Dar- 
«et, and Deyeux likewife obtained it. 

It is therefore a phyfical fa£l, that gold exifts in vegetables. 
The method of working the ores of gold is nearly the fame a» 
tliat ufed with filver ores. When the gold is in a native ftatc, 
nothing more is required than to divide the ore by the pound- 
ing mill, and afterwards to wafh and amalgamate it. If the ore 
be mineralized, it is torrefied, pounded, wafhed, fufed with lead, 
and afterwards cupelled, ^liquation is likewife ufed for poor ores. 
Thofe perfons who explore the gold in fmail plates diflemi- 
trated in the fand of certain rivers,' are known in France by the 
name of Orpailleors, or Pailloteurs. The pailloteurs of the 
river Uze, after having ascertained that the earth is Sufficiently 
rich to be wrought, place a table feveral feet in length, and a- 
bout a foot and a half in width, on tl>e banks of the river with 
ledges round three of its fides. Pieces of Huff with along nap 
are nailed on to this board ; and the fand is thrown upon it, and 
wafhed to carry a --/ay the lighter particles. When the fluff is Suf- 
ficiently charged with the fmall particles of gold, it is fhaken in- 
to a veffel, agitated with water to carry off the lighted fand, and 
afterwards amalgamated with mercury.* Mr. £11 has given us 
an ample account of the procefs ufed in working the gold ores 



• For a very full account of the treatment of auriferous fands, the fol- 
lowing works may be confulted :— 1. The Memoir of Mr. Reaumur on the 
Auriferous Sands of France, printed among thofe of the Academy for tire 
year 1718. 2. The Memoir of Mr. Guettard on the Ariege, inferred in 
the volume for 176 1. 3. The Memoir upon the Gold which is obtained 
from the Ariege in- the county of Foix, by the Baron de Dietrich. In this 
Jail work, the various precedes are difcufled ; and this celebrated miner- 
alogiil propotes others more economical and advantageous. 
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in Spanifli South-America. A furhcient quantity of watef is 
procured to wafh them. A ftream is made to carry off the 
earth, and every lighter fubltance. Negro flaves, difperfed oa 
the banks, throw in frefh earth •, while others, (landing in the 
brook, work it about with their feet and hands. Care is taken 
to lay pieces of wood acrofs the current of the water, to retain 
the lighter particles of the metal. This work is continued for 
a month, and even for years together. When it is propofed to 
terminate it, the water is turned off; and then, in prefence of 
the matter, the workmen take up the fand with wooden veflels, 
in the form of (hallow funnels, of one foot in diameter, at the 
bottom of which is an aperture of one inch in width. Thisdifli 
is filled with fand j and by a circular motion the lighter fubftan- 
ces are caufed to flowofT, while the heavier fettle to the bot- 
tom. The platina is afterwards feparate-d grain by grain, 
with the blade of a knife, upon a fmooth board. The reft is 
amalgamated, firft by working with the hands, and afterwards 
with a wooden peftle in mortars of guaiacum wood ; after which 
the mercury is feparated from the gold by fire. 

The Baron de Born has reduced the method of working all 
the ores of filver and gold to one fingle procefs. The account 
which he has given of this procefs in his work, may be reduced 
to the following operations : 

1. The mineral is pounded, divided, and lifted. 

2. It is properly roafted. 

3. It is mixed with muriate of foda, water, and mercury; 
and agitation is ufed to facilitate the amalgamation. 

4. The mercury is exprefled from the amalgam. 

5. The exprefled mercury is expofed to diltillation. 

6. The filver is refined by the cupel. 

Thefe operations were firft executed at Schemnitz in Hunga- 
ry, and afterwards at Joackimftal in Bohemia, in the prefence 
of the greateft mineralogifts in Europe, fent hither by the vari- 
ous fovereigns of Europe. 

The muriate of foda is ufed to decompofe the fulphates pro- 
duced by the calcinations. 

To determine the finenefs of gold with accuracy, the pureft 
is fuppofed to be twenty-four carats, and thefe carats are divid- 
ed into thirty-fecond parts j the carat is always reprefented by a 
grain poids de marc. 

The law direfts the operations to be performed upon twenty- 
four grains of gold, tolerates twelve, and prohibits fix, on ac- 
count of the difficulty of appreciating the divifions which refult 
from thefe fmall quantities. 
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In the parting afiay, very pure filver mufl be made ufe of. 
This is mixed with the gold in the proportion of four to one, 
which has occafioned the name of Quartation to be given to the 
prdcefs. Mr. Sage has found that two parts and a half of filver 
to one of gold form the mixture molt proper for making the 
cornet of afiay. The two metals are wrapped up in a thin piece 
of lead four times the weight of the gold, and this mixture is 
put into the cupel when it is very hot. The refult of the cupel- 
lation is a button containing fine gold and fine filver. This is 
flattened, lamellated, and rolled up into a fpiral ; put into a fmall 
mattrafs, and fix gros or drams of pure nitrick acid, at thirty- 
two degrees of concentration, are poured on it. As foon as the 
mattrafs is heated, the metal becomes brown, the filver is diflblv- 
ed, and much red vapours are difengaged. At the end of fifteen 
minutes the folution. is decanted ; and an ounce of very pure 
acid, rather more concentrated, is poured on, to carry away the 
laft portions of filver. This folution is decanted, after a digef- 
tion of fifteen or twenty minutes ; at which period warm water 
is added, and the cornet is wafhed until the water comes off 
taftelefs. It is then dried in a crucible, weighed, and the fine- 
r.efs judged by the diminution of its weight. 

Schindlers and Schutlerhave maintained that gold always re- 
tains a fmall quantity of filver s which they have called the Inter-? 
halt, or Surplus. Mr. Sage found a fixty-fourth part of a grain 
is the be ft conducted afiay. 

In order to feparate the filver which is difibived in the nitrick 
acid, this folution is diluted with a confiderable quantity of wa- 
ter, and fiat pieces of copper are plunged in it ; which precip- 
itate the filver, as we have obferved in treating of the folution of 
filver. 

Gold, expofed to fire, becomes red-hot before it melts. 
When melted it fuffers no alt-ration.* Kunckel and Boyle kept 
it m aglafs-houfe furnace for feveral months without change. 

Hemberg has nevenhelefs obferved that this metal, expofed to 
the focus of the lens of Tfchirnaus, fmoked, was volatilized, and 
even vitrified in part. Mr. Macquer has verified thisobfervation 
by the mirror of Mr. I)e Trudaiue ; he obferved the gold fume 
become volatilized, and covered wirh a dull pellicle, which con- 
itituted a violet-coloured oxide towards the middle. 

Gold is not attached by the fufphurick acid. 

The nitrick acid appears to have a real action upon it. Brandt 
\s the firft who announced the folution of gold by this acid. 

* Gold when fufed by a ftrcng heat is of a beautify! green colour during 
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The experiments were made in the prefence of the King of 
Sweden, and verified by his Academy. Meflrs. Scheffer and 
Bergmann have confirmed the aflertion of Brandt ; and Mr. 
Sage afterwards pubiifhed a feries of experiments, on this fub- 
jccL I am convinced, from my own experiments, feveral 
times repeated, that the pureft nitnek acid attacked gold in the 
cold, and dillblved a fixty -fourth part of a grain. When very 
pure nitrick acid is boiled upon gold equally pure, the folution 
may be afcertained in three ways — 1. By the diminution of the 
weight of the metal. 2. By evaporation of the acid ; in which 
cafe a purple fpot remains at the bottom of the evaporatory vef- 
fcl. 3. By the parting operation, by means of a plate of filver 
put into the liquor. In this cafe black flocks are in a fhort 
time difengaged, which confift of the gold itfelf. Thefe phe- 
nomena appear to announce a true folution ; and not a fimple 
divifion or fufpenfion, as was fuppofed. 

The quantity of gold diflblved appeared to me to vary accord- 
ing to the ftrength of the acid, the time of the ebullition, and 
the thicknefs of the metallick body. 

The nitro-muriatick acid, and the oxigenated muriatick acid, 
are the true folvents of gold. Thefe acids artack it with greater 
energy in proportion as they are more concentrated, and as the 
furface of the gold is larger. The folution may likewife be ac- 
celerated by heat. 

This folution lias a yellow colour, is cauftick, and tinges the 
fkin of a purple colour. If it be properly concentrated, it af- 
fords yellow cryltals, refembling topazes, which affect the form 
of truncated octahedrons. Thefe cryflals are a true muriate of 
gold, according to Meflrs. Bergmann, Sage, &c. If the folution 
cf gold be diftilled, a red liquor is obtained, which confifts of 
the muriatick acid, coloured by a fmall quantity of gold which 
it has carried over. This fluid was diltinguifhed by the adepts 
under the name of Red Lion. 

Gold may be precipitated from its folution of feveral colours, 
according to the nature of the fub fiances employed to make the 
precipitation. Gold is precipitated by lime and magnefia in a 
yellow powder in which the gold exiits nearly in the metallick 
ftate ; a flight decree of heat only being neceflary to convert it 
to that ftate. 

The alkalis likewife precipitate gold in the form of a yellowifb. 
powder ; and the precipitate is foluble in the fulphurick, nitrick, 
and muriatick acids. Thefe concentrated folutions fuffer the 
(jold to precipitate ; cryltals have not been obtained from them. 

Ifammoniack be poured on a yellowifli folution of gold, the 
eclcur difappears ; but, at the end of a certain time, fmall flocks 
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are diftngageri, which become more and more yellow, and grad- 
ually fubfide to the bottom of the veffel. This precipitate, being 
dried in the fhade, is known by the name of Fulminating Gold ; 
a denomination which it has obtained on account of its proper* 
tj of detonating, when gently heated. 

Ammoniack is abfohitely necefiary to produce this effect. 

The experiments of feveral chemiftshave taught us^ — i.Thaf, 
fey gently heating fulminating gold in copper tubes, one extrem- 
ity of which was plunged in the pneumato-chemical apparatus 
by the affiftance of a cyphon, alkaline gas is obtained, and the 
precipitate is deprived of its fulminating property : this fine ex- 
periment was made by Mr. Bertholkt. 2. Bergmann has ob- 
served that, by expofing fulminating gold to a gentle heat, inca- 
pable of caufing it to fulminate, it becomes deprived of that 
property. 3. When the gold is made to fulminate, in tubes 
whofe extremities are inferted under a veffel filled with mercury, 
the product, is nitrogene gas, and fome drops of water. 4. By 
triturating fulminating gold with oily fubftances, it is deprived 
©f its property of fulminating. 

From thefe eftablifhed fa£ts, it is evident that fulminating 
gold is a mixture of ammoniack and oxide of gold. When this 
mixture is heated, the oxigene is difengaged at the fame time 
with the hydrogene of the alkali. Thefe two gafes take fire by 
fimple heat, detonate, and produce water ; the nitrogene gas 
then remaining alone. From thefe principles it ought to fol- 
tew, that oiiy fubftances which combine with the oxigene, acids 
which feize the -alkali, or a gentle and long continued heat, which 
volatilizes the two principles without inflaming them, ought to 
deprive this preparation of its property of fulminating. 

The nitrous iulphur which Mr. Baume fuppofed to be form- 
ed, in his explanation of this phenomenon, does not exift j for 
the fokition of the oxide of gold by the fulphurick acid, when 
precipitated by ammoniack, affords a fulminating precipitate. 

Gold is precipitated from its folution by feveral metals, fuch 
rs -tead, iron, filver, copper, bifmuth, mercury, zinc, and tin. 
This lait precipitates it inftantly in the form of a powder, dif- 
tingui#itkl b^ the name of the Purple Powder of Cailius. This 
precipitate is much ufed in porcelain manufactories. Some ve- 
ry good obfervations on this preparation may be feen in the Dk> 
ticnary of Macqucr. 

Gold may iikewife be precipitated from its folution by ether : 
this liquor ieizes the gold in a moment, and fometimes inftantly 
revivifies it. I have 'feen the gold form a ftratum at the furface 
of the liquor, and the two fluids no longer contained a particle. 
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The fulphures of alkali diffblve gold completely. Nothing 
more isnecefiary for this purpofe, than quickly to fufe a mixture 
of equal parts of fulphur and pot-afti with one eighth of the to- 
tal weight of the gold in leaves. This fubftance may then be 
poured out, pulverized, and diflblved in hot water. The Solu- 
tion has a yellowifh green colour. Stahl affirms that Mofefr 
diflblved the golden calf by a fimilar procefs ; and that, though 
the beverage mud have been of a difagreeable tafte, this cir- 
cumftance was an additional reafon for preferring the method, 
in order that the Ifraelites might longer retain their difguft for 
idolatry. 

Gold unites with moft of the metals. 

Arfenick renders it brittle, as well as bifmuth, nickel, and 
antimony. All thefe femi-metals render it white andeager. 

Gold unites very well with tin and lead. Thefe two metals 
deprive it all of its duftility. 

Iron forms a very hard alloy with gold, which may be employ- 
ed to much greater advantage than pure gold. 

Copper renders it more fufible, and communicates a reddifh 
colour to it. This alloy forms money, gold plate, and toys. 

Silver renders it very pale. This alloy forms the green gold 
of goldfmiths. 

Gold is employed in a variety of purpofes. It is entitled, by 
the firft rank which it holds among metals, to the moft noble 
tifes. 

As its colour is agreeable to the eye, and is not fubje£t to 
tarnifh, it is ufedas ornaments, or as toys; for which purpofe 
it is wrought into a thoufand forms. 

For fome purpofes it is drawn into very fine wire, and ufed 
in embroidery. For other purpofes it is extended into leaves fo 
extremely thin, that the flighted breath of wind carries them 
away : in this form it is applied upon wooden articles by means 
©f fize. 

For other purpofes it is reduced into a very fine powder ; 
in which cafe it is called Ground Gold, Shell Gold, Gold in 
Rags, &c. 

The ground gold is prepared by levigating the clippings of 
gold leaf with honey, wafhing them with water, and drying tbo 
particles with fubfide. 

Shell gold confifts of ground gold mixed with a mucilagi- 
nous water. 

In order to make the gold in rags, pieces of linen are fteeperf 
in a folution of gold, afterwards dried and then burned. "VVhen 
it is required to ufe them, a wet cork is dipped in wood alhes. 
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and rubbed upon fuch articles of filver as are intended to" be 
gilded. 

For fome purpofes it is amalgamated with mercury. This 
amalgam is applied upon copper, the furface being previoufly 
veil cleared. It muft be fpread very even, and the mercury 
driven off" by heat. This forms the or moitlu. 

A coating of gilders wax is laid over the gold thus applied. 
This is made with red bole, verdigris, alum, and fulphate of 
iron, incorporated and fufed with yellow wax. The piece is 
heated a fecond time, to burn off the wax. 

Gold was formerly ufed in medicine. This remedy was much 
in fafhion in the fifteenth century. Its goodnefs has at all times 
been proportioned to the dearnefs of the drug. Bernard de Pa- 
lirTy exclaimed ltrongly again ft the apothecaries of his lime, 
who demanded ducat gold from the fick to put into ther medi- 
cines, under the pretence that the purer the gold the more fpee* 
dy would be the reftoration of the health of the patient. 

As this metal is highly valued, the rage of forming it confli- 
tuted a known feci, under the name of Alchemifts, which 
may be divided into two claries. The one very ignorant, fre- 
quently unprincipled, and moft commonly uniting both quali- 
ties, fuffered themfelves to be impofed on by certain phenome* 
na, fuch as the'increafe of weight of metals by calcination, the 
precipitation of one metnl by another, and the yellow colour 
which fome bodies, and certain preparations affect. They 
grounded their notions on certain vague principles concerning 
the formation of bodies,, their common origin, their feeds, Sec. 

It is this fec~f, which has ,caufed alchemy to be defined, ars 
fine arte, ct/jus principium est niemiyi, medium, laborare, tertium 
mendicare. Thefe alchemifts, after having been themfelves the 
dupes for a confiderable time, always endeavoured to impofe op 
others •, and there are a thoufand tricks and impofitions related 
of this clafs of men, which deferves only to be deipifed and pitied. 

There is another clafs of alchemifts which do not deferve to 
be made the object of publick dctifion and contempt. This is 
formed of celebrated men, who, grounding their ideas on the 
received principles, have directed tht-ir relearches towards this 
object. This clafs of men is valuable on account of their gen- 
ius, probity and conduct. They have formed a language, held 
fcarcely any communication but with each other, and have at 
all times ditlinguifhed themfelves by their auftere manners, and 
their fubmiilion to Providence. The celebrated Bechcr is a 
name which alone fufhees to render this feet refpectable. The 
following pafl'age, extracted, from Becher, exhibits an idea of 
their language, 'and manner of proceeding in this ftudy. 
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« Fac ergo ex luna et fole merurios, quos cum primo ente 
fulphuris praecipita, praecipitatum philofophorum igne attenua, 
exalra, et cum fale boracis philofophorum liquefac et fige donee 
fine fumo fluat. Qure, licet breviter difta fint, longo tamen la- 
bore acquiruntur et irinere, ex arenofo namque terreftri Arabico 
mari, in mare rubrum aqueum, et ex hoc in bituminofum 
ardens mare mortuum itinerandum eft, non fine fcopulo- 
rum et voraginum periculo, nos, Deo fint laudes, jam appuli- 
mus ad portum. Becher, Phyf. Sub. i. f. v. cap. iii. p. 461. in 
8vo. And elfewhere, "Conclude enim, pro thefi firmiflima, 
afiuus eft qui contra alchymiam loquitur, fed ftultus et nebulo 
qui illam practice venalem ex ponit." 

The enlightened alchemifts have enriched chemiftry with 
moft of the produces which were known before the late revolu- 
tion. Their knowledge and their indefatigable ardour put them 
in the fituation of profiting by all the interefting fads which 
offered themfelves. 

God forbid that I fhould induce any perfon to enter into this 
path. I would ufe every effort to prevent any one from engag- 
ing in this refearch, fo full of difappointment, and fo dangerous 
to attach the mind to it. But I am of opinion that the alche- 
mifts have been too lightly treated; and«hat this feci:, which 
on many accounts is worthy of commendation, has not received 
the efteem and gratitude it is entitled to. 

In addition to thefe reafons, I mud obferve that chemical 
phenomena become fo wonderful ; the torch of analyfis has en- 
lightened us to fuch an extent : we now decompofe and repro- 
duce fo many fubftances, which ten years ago were confidered 
with equal probability as indecompofable as gold is now thought 
to be ; that no chemift can take upon him to affirm that we 
may not arrive at the art of imitating nature in the formation 
of metals. 



CHAPTER XV. 
Concerning Platina. 

"WE were unacquainted with platina until the year 1748. It 
is to Don Antonio Ulloa, who accompanied the French Acade- 
mecians in their famous voyage to Peru, to determine the figure 
of the earth, that we are indebted for our firft notions of this 
metal. 

Charles Wood, who had himfelf brought this metal from Ja- 
maica, made experiments upon it, which are related in the Phi- 
lofophical tranfactions for the year 1 749 and 1 7 jo. 
3...B 



394 Purification^ &c. of Plat: na. 

Since that time, all the chemifts in Europe procured this met- 
al. Meflrs. Scheffer in Sweden, Lewis in England, Margraff in 
Pruffia, Macquer, Baume, De Buffon, De Milljr, Dc Lille, De 
Morveau, have fucceffively made refearches on this fubftance ' P 
and we are indebted for great part of our prefent knowledge of 
this metal to the Baron de Sickengen. 

Platina has hitherto been found only in the metallick date. 
Its form is that of fmall grains or flattened plates, of a livid? 
white colour, intermediate between that of filver and iron : it is 
from this colour that it derived its name of Platina, or Little 
Silver. If the grains of platina be carefully examined, it is found 
that fome of them are rounded, and others angular. 

It has been found among the auriferous fands of South- 
America, near the mountains of the diftricls of Novita and Cy- 
tara. Thefe two metals are al mo ft conftantly accompanied by. 
a ferruginous fand obedient to the magnet. The platina of 
commerce ufually contains a fmall quantity of mercury, arifmg 
from the amalgamation which the ore has Undergone in extract- 
ing the gold. When it is required to have platina in a very pure 
ftate, it muft be expofed to heat, to drive orF the mercury, and 
magnetical parts, and the iron, muft be forted out with the mag- 
net. Platina itfelf is (lightly attradled by the magnet. M. L. 
affirms, in a Memoir read to the Academy of Sciences at Pari* 
in the year 17&5, that the lighter pieces of Platina only are at- 
tracted by the magnet, and that they ceafe to be acled on when 
they exceed a certain fize. The largeft piece of platina which 
has been feen, is of the fize of a pigeon's egg. It muft be in the 
pofleffion of the Royal Society at Bifca. 

M. L. affirms that platina is malleable in its natural ftate ? 
and he pafled it through the flatting mill in the prefence of 
Meflrs. Tillet and Darcet. 

Platina undergoes no alteration by expofure to the air ; and'' 
fire alone does not even appear to poflefs the power of changing 
it. Meflrs. Macquer and Baume kept it feveral days in a glafs- 
houfe furnace, without its grains having fuflered any other 
change than that they were flightly agglutinated. It has never- 
thelefs been afcertained that heat, kept up for a long time, tar- 
nifhes its furface, and increafes its weight. MargrafF formerly 
made this obfervation. 

Platina expofed to the focus of the burning mirror of Mr. 
De Trudaine, fumes and melts. This metal may be hammer- 
ed like gold and filver. It may likewife be fufed upon char- 
coal, by the afliftance of oxigenous gas. This fubftance refifts 
the adlion of the acids, fuch as the fulphurick, the nitrick, and 
the muriatick acids » it is foluble only in the oxigenatcd. 
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mttriatick and the. nitro-muriatick acids. One pound of 
the latter, digefted on an ounce of platina,. firft aflumcs a yel-. 
low colour, then an orange, colour, and laftly a very obfcure 
Drown. This folution tinges animal fubftances brown ; it 
fpontaneoufly depofites.fmall irregular fawn coloured cryftals ; 
but if it be concentrated, larger cryftals are obtained, fometimes 
of an octahedral form, as Bergmann has obferved. The muri- 
ate of platina is fcarcely cauftick, though fliarp ; it fufes in the 
fire, gives out its acid, and leaves an obfcure grey oxide. 
, The fulphurick acid, poured on this folution, forms a precip- 
itate of a dark colour, ; the precipitate occafioned by the muri- 
atick acid, is yellowifli. 

The alkalis precipitate platina from its folution ; but if it be 
gradually precipitated by pot-afh, the precipitate is diflblved by 
the alkali in proportion as it is formed. 

A folution of the muriate of ammoniack, poured into a folu- 
tion of platina, forms an orange-coloured precipitate, which ig 
a true faline fubftance, totally foluble in water. This precipi- 
tate has been fufed by Mr. De Lifle in a common fire (of a fur- 
nace). The refuk of the fufion is platina, {till altered by fome 
portion of faline matter j for it does not acquire ductility but 
by expofure to a much ftronger heat. . 

The property which the muriate of ammoniack pofleffes of 
precipitating platina, affords a very fimple method of afcertain- 
ing the mixture of this metal with gold : fo that the fear of this 
alloy, which had alarmed the Spanifh miniftry fo much as to 
occafiori them to forbid its being wrought, does not at prefent 
exilt, as we poffefs a fimple method of ascertaining the fraud : 
and it is much to be wiihed that this very precious metal fhould 
be reftored to the arts, to which it cannot but be very ufeful, 
by its brilliancy, its hardnefs, and its unchangeable nature. 

The procefs of .Mr. De Lifle to fufe platina, was publifhed 
1774. Mr. Achard publifhed a fimpler method, nearly at the 
fame time : it confifts in taking two gros of platina, two gros 
of the white oxide of arfenick, two gros of the acidulous tartrite 
of pot-afh, and putting them into a crucible well luted. This 
is to be expofed for an hour. to a violent fire, which fufes the 
platina \ but it is brittle, and whiter than ordinary platina. It 
is then to be expofed to a coniiderable heat under a muffle ; by 
which means all the arfenick which was combined with the pla»- 
tina is diflipated, and this metal left in a date of purity. Vef- 
fels of platina may be formed, by filling clay moulds with the 
alloy of platina and arfenick ; and expoGng the mould in the 
inutile, to dillipate the femi- metal* 
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Mr. De Morveau fubftituted the arfeniatc of pot-afh to ad- 
vantage, inftead of arfenick ; and he had already fufed platina 
with his vitreous flux, made of pounded glafs, borax, and char- 
coal. 

Mr. Pelletier fufed platina, by mixing it with phofphorick 
glafs and charcoal. The phofphorus then unites with the plati- 
na ; and the phofphure of platina is expofed to a degree of heat 
fufficient to volatilize the phofphorus. 

Mr. Baume advifes to fufe platina with a flight addition of 
lead, bifmuth, antimony, or arfenick ; and to keep the alloy in 
the fire a long time, to diflipate the metals which have facilitat- 
ed the fufion. 

Platina may likewife be fufed with a metal foluble in an acid : 
the mixture being pulverized, the alloyed metal may be difiblv- 
ed ; and the powder of platina may then be fufed with the flux 
of De Morveau. 

Inftead of ufing a foluble metal, a calcinable metal may be 
employed, and treated as before. 

The cubick foot of crude platina weighs 1092 livres 1 ounce 
7gros 17 grains ; platina purified and fufed weighs 1365 li- 
vxes ; and purified platina forged weighs 1423.8.7.64. 

Moll of the neutral falts have no perceptible action upon pla- 
tina. The refults of feveral curious experiments may be feen 
in the Memoirs of MargrafF. 

The nitrate of pot-alb alters platina, according to the experi- 
ments of Lewis and MargrafF. Dr. Lewis by heating a mix- 
ture of one part of platina and two parts of this nitrate, during 
three times twenty-four hours, obferved that the metal afiumed 
a rufty colour. By diffufing the mixture in water, the alkali 
was diflblved ; and the platina, deprived of all the foluble mat- 
ter, is diminifhed one third. The powder taken up by the alka- 
li is the oxide of iron, mixed with the oxide of platina. 

Thefe experiments, as likewife the property which platina 
poflefles of being acted on by the magnet, prove that it contains 
iron ; and Mr. de BufFon has concluded that this metal is a nat- 
ural alloy of gold and iron. But it has been objected that the 
artificial alloy of thefe two metals, made in every poflible pro- 
portion, never refembles platina j that this metal departs more 
from the properties of gold in proportion as it is deprived of iron ; 
fo that it is confidered as a truly peculiar metal. 

This metal is capable of being alloyed with moft of the known 
metals. 

SchefFer firfl affirmed that arfenick rendered it fufible. 

Meflrs. Achard and De Morveau have availed themfelves of 
this property to fufe it, and compofe veflels. 
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Platina eafily unites with bifmuth. The refult is eager, very 
brittle, difficultly cupelled ; and the refult is a mafs which hat 
little ductility. 

Antimony likewife facilitates the fufion of platina. The al. 
loy is brittle j part of the antimony may be difengaged by fire ; 
but a fuflkient quantity remains in combination to deprive the 
platina of its weight and ductility. 

Zinc renders this metal more fufible. The alloy is very hard ; 
great part of the zinc may be volatilized by fire ; but the pla- 
Jiina always retains a fmall quantity. 

This metal unites eafily with tin. This alloy is very fufible, 
and flows clear ; it is eager, and very brittle : but when the tin 
is in a large proportion, the alloy is ductile ; its grain is coarfe, 
and it becomes yellow by expofure to the air. 

Lead unites very well with platina. A ftronger heat is requir- 
ed to fufe this than the foregoing alloy. It is not ductile j is no 
longer capable of being abforbed by the cupel, the abforption 
only taking place when the lead is in excefs ; but the platina re- 
mains always united to a confiderable portion of the metal. 
Neverthelefs Meflrs. Macquer and Baume cupelled one ounce 
of platina and twenty ounces of lead, by expofing this alloy, for 
fifty hours, in the hotteft part of the porcelain furnace at Seves. 
Mr. De Morveau had the fame refult in Mr. Macquer's wind- 
furnace : the operation lafted between eleven and twelve hours. 
Mr. Baume obferved that the platina obtained by this procefs 
pofiefles the power of being forged and foldered completely, 
without the affiftance of any other metal, which renders it a 
mod valuable acquifition in the arts. 

Dr. Lewis could not unite forged iron with platina ; but hav- 
ing melted crude iron with this metal, there refulted an alloy fo 
hard that the file could not touch it ; it was ductile in the cold, 
but broke fhort when hot. 

Copper and platina alloyed together form a very hard metal, 
which is ductile, while the copper predominates in the propor- 
tion of three or four to one ; it takes a fine polifh, and was not 
tarnifhed during the fpace of ten years. 

Platina, alloyed with filver, deprives it of its ductility, increaf- 
es its hardnefs, and tarnifhes its colour. Thefe two metals may 
be feparated by fufion and repofe. Lewis obferved that the fil- 
ver which isfufed with platina is thrown up againft the fides of 
the crucible with a kind of explofion : this phenomenon appears 
to be owing to the filver, as Mr. Darcet found it break porcelain 
balls in which it was inclofed, and out of which it was projected 
by the a&ion of the flre. 
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Gold is not capable of being alloyed with platina but hy the, 
ftstoft violent heat : the colour of the gold is prodigioufly altered, 
and the alloy pofiefles considerable ductility. 

We know enough of the properties of this metal to prefumc 
that it will prove of the greateit ufe in the arts. Its almofti 
abfoktte infufibility, and its unchangeablenefs, render it of ex- 
treme value to form chemical veftels, fuch as crucibles and the 
li fe? The property of foidering or welding without mixture, 
renders it preferable to gold or filver. 

Its denlity and opacity render it likewife of great value for 
the conftruftion of optical instruments j and the abbe Rochon 
Jjas conflructed a mirror whofe effect greatly furpafles that of 
the mirrors before made of fteel and other metals. This metal 
unites two qualities never before found in one and the fame fub- 
ft&nce. Like other metallick mirrors, it reflects but one fingle 
linage.; at the fame time that it is as unchangeable as the mur- 
roxsof glafs. 



CHAPTER XVI. 

Concerning. Tungjlen and- Wolfram. 

WE are acquainted with two minerals which may be diftirf- 
gjjimed by thegenerick title of Tungflen ; the one white, and 
known by, the name of Tunglten, or the Heavy Stone of the 
Swedes ; the other known by the name of Wolfram by miner* 
alogifls. We fhall examine each feparately- 



article: i. 

Concerning Tungften. 

Tintftgen isa^bfVaheroFan opaque-white colour, very heavy, 
ahd of^modcTatedegree of hardnefs : its cryftrals are' octahe- 
drons. Its fpecifick gravity is 6.0665, according to Briflbn ; 
Horn 4.99 to 5-, 8', according to Kirwan. The cubick foot 
weighs 424 livres 10 ounces 3 gros 60 grains.' 

When expofed- without addition to the flameorthe'blow-pipe', 
it-decrepitates without melting. With fdda it is divided with a 
flight effervefcence--, . is partly 'foluble in the-nathre phofphate, or 
rnicrocofmick" fait v and affords a fine blue colour without the 
leaft appearance of red in therefraeled light, as happens with 
cobalt. It is foluble in borax without effervefcertce. 
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Bergmann affirms that by pouring the muriatick acid' upon 
pulverized tungften the powder immediately aiffiimcs a fine 
bright yellow colour. To this character Scheele adds that oJ* 
becoming bluifh when boiled in the fulphurick acid. 

This fubftance has a fparry appearance, and was long con- 
founded with the white tin ore. It is found at Bitfberg, at Ridd- 
harhittan, at Marienburg, at Altemburg in Saxony, and at Sau- 
berg near EhrenfriederfdorfF. 

Mr. Rafpe, in Grell's Annals for June 17^5, gave an account 
of two mines of tungften in the province of Cornwall, from 
which thoufands of tons might be extracted. This philofbpher 
obtained the metal in the proportion of about thirty- fix livres 
the quintal. He adds that this metal contains little iron ; that 
it is very fixed, and refractory in the fire j and that it acts on 
glafs like the hardeft fteel. 

Cronftedt arranges the tungften among the iron ores ; and* 
defines it to be ferrum calciforme terra quadatn incognita intirii? 
tnixtum. *^ 

Scheele has affirmed that it is a fait refulting from the com- 
bination of calcareous earth with a peculiar acid ; which acid, 
cpmbined with lime-water, regenerates tungften. 

Bergmann confiders the acid earth of tungften as a metaihefc 
acid. 

Several procefies are at prefent known for extracting- the acid 
of tungften. 

1. Any defired quantity of this mineral is to be pulverized, 
and fufed with four times its weight of carbonate of pot-afh,, , 
and poured out upon a plate of metal. The mafs is then to be 
difiolved in twelve parts of boiling water. A white powderfep* 
arates during the folution, and falls to the bottom of the vefieh 
This precipitate is a true carbonate of -lime, mixed with a fmatf 
quantity of quartz, and a portion of undecorapofed tungften. 
The carbonate of lime may be taken up from the precipitate by 
nitrick acid ; and the remaining tungften being mixed with the 
former proportion of carbonate of pot-afh, is to be fufed^ difiolv- 
ed, and by a repetition of thefe operations will at length be to- 
tally decompofed. The water in which the fufed mattes were 
wafhed, holds in folution a fait formed by the tungftick acid and 
the alkali made ufe of. If this folution be faturated with ni- 
trick acid, it feizes the alkali ; the folution becomes thick ; and 
a white powder fails down, which is the tungftick acid. 

2. Scheele the author of this firft procefs, propofes a fecond, 
which confifts in digefting three parts of weak nitrick acid upon 
one of pulverifed tungften. This powder becomes yellow ; the 
ftuid ii then decanted, and two parts of ammoniack arc poured 
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upon the yellow powder. The powder then becomes white ; 
and in this way the repeated actions of the acid and the alkali 
are applied until the tungften is diffblved. Out of four fcruples, 
treated by Scheele in this manner, there were three grains of 
infoluble matter, which was a true quartz. By adding the pruf- 
fiate of pot-afh to the nitrick acid made ufe of, he obtained two 
grains of Pruflian blue j pot-afh precipitated three of chalk ; 
and the ammoniack uniting to the nitrick acid, precipitated an 
acid powder, which is the true tungftick acid. 

In this experiment the nitrick acid feizes the lime, and uncov- 
ers the tungftick acid, which is feized by the alkali. 

The muriatick acid may be fubftituted to advantage inftead of 
the nitrick acid, and even gives it a yellower colour. 

Scheele and Bergmann confidered this acid powder as the true 
tungftick acid in a ftate of purity. Meflrs. Delhuyars have af- 
ferted that this acid was mixed with the acid made ufe of in 
obtaining^, and alfo with the alkali ; they affert that the yellow 
powder which is uncovered by the digeftion of the nitrick acid, 
1$ the tr%e acid oxide of tungften without mixture. 

The white powder which is obtained by decompofing the al- 
kaline folution of tungften by an acid, is acid to the tafte, red- 
dens the tincture of turnfole, precipitates the fulphure of alkali 
of a green colour, and is foluble in twenty parts of boiling water. 

Properties of the white powder ob' Properties of the yellow matter ob- 

tainedby decompofing thefoluton tained by fire or by acids. 

of the ore of tungften by an acid. 

i. An acid tafte, reddening the i. Infipid, reddening the tin&ure 

inclure of turnfole. of turnfole. 

%. Expofed to flame urged by a. Treated with the blow-pipe, 

the blow-pipe, it partes to a brown it preferves its yellow colour in the 

and black colour, without afford- the external flame ; but lwells up and 

iog either fumes or fign a of fufion. and becomes black, without filling, 

in interiour blue flame. 

3. It is foluble in twenty parts 3. It is infoluble, but capable of be- 
ef boiling water. coming fo divided as to pafs through 

the filters. 

4. It becomes yellow by boiling 4. The three mineral acids have no 
in the nitrick and muriatick acids, aclion upon it. 

and bluiih in the fulphurick acid. 

From this comparifon it appears that the acid is purer in the 
yellow powder than in the white ; and the faline combinations 
of thefe two fubftances have confirmed Meflrs. Delhuyars in 
their opinion. 

The yellow acid, combined with pot-afh, either in the dry or 
humid way, forms a fait with excefs of alkali. If a few drops 
of nitrick acid,.be poured on this fait, a white precipirate is in- 
ftan'tly" formed, which' is'r'ediflolved by agitation, y/hen all the 
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alkali is faturated, the folution is bitter ; if more acid be poured 
iri, the precipitate which falls down is no longer foluble. This 
precipitate, when well edulcorated, is exactly of the fame na- 
ture as the white powder we have fpoken of. The experiments 
of Meflrs. Delhuyars, and of Mr. De Morveau, prove very clear- 
ly that this white powder contains the acid of tungften, a por- 
tion of the pot-afh with which it was before combined, and a 
fmall quantity of the precipitating acid. 

It is therefore well proved that the yellow matter is the pure 
oxide, and the true tungftick acid. It is likewife very certain 
that this acid exifts ready formed in the metal ; and that its ox- 
igene is afforded neither by the decompofition of another acid* 
nor the fixation of the oxlgenous gas of the atmofphere j it ap- 
pears to exift in the mineral* and to conftitute a kind of fait of 
many principles. 

The pure tungftick acid diflolves ammoniack ; but the refult 
is always with excefs of alkali. This folution affords by evapo- 
ration fmall cryftals, of a penetrating bitter tafte, foluble in wa- 
ter, and then reddening blue paper. The alkali is eafily fepa-' 
rated ; and thefe cryftals return by calcination to the ftate of 
yellow powder, entirely fimilar to that which entered into its 
compofition. If the calcination be made in clofed veffels, the 
refidue is of a deep blue colour ; for the yellow colour does not 
appear unlefs the calcination be made in the open air. 

The experiments of Mr. De Morveau permitted him to clafs 
the affinities of this acid in the following order, which is the 
fame as that of the arfenical acid : lime, barytes, magnefia, pots 
afh, foda, ammoniack, alumine, metallick fubftances. 



ARTICLE II. 

Concerning Wolfram. 

Wolfram is of a blackifh brown colour, fometimes affecting 
the form of an hexahedral compreffed prifm, terminated in a 
dihedral fummit. Thefe furfaces are frequently ftriated longi- 
tudinally. > Its fracture is lamellated, foliated, and the leaves 
are flat, though rather confufed. Externally it refembles fchorl ; 
but is not fufible, and is incomparably heavier. 

Some mineralogifts have taken it for an arfenical OTe of tin % 
others for manganefe, mixed with tin and iron. MefTrs. Del- 
huyars, who made a ftrict analyfis of it, found it to contain 
manganefe 22, oxide i^f, quartaofe powder 2, yellow powder 
cr tungftick acid 65. 
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The wolfram which was analyfed by thefc chcmifts, can* 
from the tin mines of Zinuwalde, 01 the frontiers of Saxony 
and Bohemia. Itr. fpecifkk gravity was 6.8^5. 

Wolfram does not melt by the blow-pipe without addition, its 
angles oeing fcarccly rounded. With the native phofphate, or 
microcofmick fair, it melts with effervefcence, and affords a glafs 
of a hyacinth colour. 

It effervefces with Borax, and forms a greenifh yellow glafs 
m the blue flame. This ;i!afs becomes red in the external 
flame. 

Pulverized wolfram upon which the muriatick acid is boiled, 
aflumes a yellow colour like tungften. 

Maffrs, Delhuyars fufed in a crucible two gros of pulverized 
wolfram, and four gros of pot-afh. The fufed mixture being pour- 
ed out on a plate of copper, a black matter remained in the 
crucible ; which, when well edulcorated, weighed thirty-feven 
grains, and was found to be a mixture of iron and manganefe. 

The mafs which had been poured out was diffolved in water, 
filtered, and faturated with nitrick acid. .It afforded a white 
precipitate, abfolutely fimilar to that obtained from tungften by 
a fimilar procefs. 

The procefs of Scheele by the humid way, fucceeds equally 
well, and even appeared to Meffrs. Delhuyars to be more advan- 
tageous. They prefer the difengagement, by mere heat, of the 
ammoniack which holds the tungftick acid in folution. One 
hundred grains of wolfram, treated with the muriatick acid and 
ammoniack, afforded them fixty-five grains of a yellow powder, 
Which is the pure acid. 

This yellow acid powder unites with moft of the metals. 
Meffrs. Delhuyars relate the following facts : 

1. One hundred grains of gold leaf, and fifty grains of the 
yellow matter, urged by a violent heat for three quarters of an 
hour, in a crucible lined with charcoal, afforded a yellow button, 
which crumbled in pieces between the fingers, and internally 
exhibited grains of gold, with others of a grey colour. This 
button weighed one hundred and thirty-nine grains ; and wa» 
cupelled with lead, though with difficulty. 

2. Similar proportions of platina and the yellow matter, treat- 
ed in the fame way (for an hour and a quarter,) afforded a fria- 
ble button, in which grains of platina were diftinguifhable, of a 
whiter colour than ordinary. It weighed one hundred and forty 
grains. 

3. With filvcr, the yellow matter formed a button of a white 
greyifh colour, rather fpungy, which extended itfelf eafily by a 
few ftrokes of the hammer -, but on continuing them, it fplit in 
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pieces. This button weighed cne hundred and forty-two grains, 
and the mixture was perfect. 

4. Wich copper, it afforded a button of a coppery red colour, 
inclining to grey, which was fpungy, and conliderably ductile. 
It weighed one hundred and thirty-three grains. 

5. With crude or caft iron, of a white quality, it afforded a 
perfect button, whofe fracture was compact, and of a greyifh 
white colour. It was hard, brittle, and weighed one hundred 
and thirty-feven grains. 

6. With lead, it afforded a button cf an obfeure grey colour, 
with very little brilliancy, fpungy, very duclile, and fplitting in- 
to leaves when hammered. It weighed one hundred and twen- 
ty-feven grains. 

7. The button formed with tin was of a lighter grey than the 
preceding, very fpungy, fomewhat ductile, and weighed one 
hundred and thirty-eight grains. 

8. The button of antimony was of a bright grey, rather 
fpungy, brittle, and ealily broken ; it weighed one hundred and 
eight grains. 

9. That of bifmuth prefented a fracture which, when feen in 
one direction, was of a- grey colour, and metallick luftre •, but 
in another direction it appeared like an earth without any luftre : 
but in both cafes an infinity of pores were feen over the whole 
mafs. It weighed fixty-eight grains. 

10. The button formed with zinc was of a black greyifh col- 
our, and an earthy afpect, very fpungy, and brittle : it weighed 
forty-two grains. 

1 1. With common manganefe it afforded a button of a bluifh 
grey colour, and earthy afpect.. Its internal part, examined with 
a Jens, refembled an impure fcoria of iron ; it weighed one hun- 
dred and feven grains.* 

Thefe experiments confirm the fufpicion of the celebrated 
Bergmann : who, from the fpecifick gravity of this fubltance, 
and its property of colouring the native phofphate and borate of 
&da, concluded that it was of a metallick nature. 

The change of colour which accompanies its reduction, its 
increafe of weight by calcination, its metallick afpedt, and its 
uniting witji other metals, are inconteftable proofs of its metal- 
lick nature. The yellow matter muft therefore be confidered 
as a metallick oxide 5 and the button obtained by expofing this 
oxide to a ftiorig lire, with powder of charcoal, is a true metal. 

* In Culien's Tranflauon of the Chemical Analyfis of Wolfram, printed 
in London in 178,-, J find the word broivn in everyplace where M. Chap- 
til has ufed the word grift or grey. Not having the original, I cannot 
fpeak wirn certainty ; be: from circuiiiitancts, conclude this iait to be 
rjght. T 
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Meflrs. Delhuyars having put one hundred grains of the yel- 
low matter into a lined crucible well clofed, and expofed it to a 
ftrong heat for an hour and a half, found upon breaking the 
crucible, when cold, a button which was reduced to powder be- 
tween the fingers : its colour was grey. On examining it with 
the magnifier, an afTemblage of metallick globules were feen, 
among which fome were of the bignefs of a pin's head, and 
when broken exhibited a metallick fraclure refembling fteel. It 
weighed fixty grains and of courfe there was a diminution of 
forty. Its fpecifick gravity was 17.6. Having calcined a part 
of it, it became yellow with T l.*. increafe of weight. The ni- 
triqk and the nitro-muriatick acid changed it into a yellow pow- 
der; The fulphurick and muriatick acids diminifhed its weight, 
and their folution let fall Pruflian blue. The metallick grains 
always remained after the action of thefe acids. This metal 
fhetos various properties, which diftinguifh it from all others 
known. j. Its fpecifick gravity is 17.6. 2. It forms peculiar 
glafs with the feveral fluxes. 3. It is almoft abfolutely infu- 
Cble, much lefs fufible than manganefe. 4. Its oxide is of a 
yellow colour. 5. It forms peculiar alloys with the known met- 
als. 6. It is infoluble in the fulphurick, muriatick, nitrick, and 
nitro-muriatick acids ; and thefe two laft convert it into an ox- 
ide. 7. The oxide combines with alkalis. 8. The oxide is in- 
foluble in the fulphurick, nitrick and muriatick acids, and af- 
fumes a blue colour with this laft. 

Wolfram ought to be confidered as an ore, in which this met-? 
al is combined with iron and manganefe, as Meflrs. JJelhuyars 
have provec}. 



CHAPTER XVII, 

Concerning Molybdena, 

TWO fubftances have long been confounded together under 
the name of Black Lead Ore, Mineral Lead, Plumbago, and Mo- 
lybdena, which the more accurate analyfis of the celebrated 
Scheele has proved to be of a very different nature. 

Molybdena cannot be confounded with the mineral of which 
black lead pencils are made, which is called Plumbago. The 
characleriftick differences are fufhciently evident to leave no 
doubt on this fubjedt. 

Molybdena is compofed of fcaly particles, either large or 
fmall, and flightly adherent to each other. It is fofj: and fat to 
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the touch, foils the fingers, and makes a trace of an afh grey 
colour. Its afpecl is bluifli, nearly refembling that of lead. 
The mark it makes on paper has an argentine brilliancy ; where- 
as thofe of plumbago are of a darker and lefs mining colour j 
its powder is bluifh j by calcination it emits a fmell of fulphur, 
and leaves a whitifh earth. The nitrick and the arfenical acid* 
are the only acids which attack it effectually ; it is foluble in fo- 
da with effervefcence before the blow-pipe j it caufes the ni- 
trate of pot-afh to detonate, and leaves a reddifh refidue ; whe* 
expofed to the flame of the blow-pipe in the fpoon, it emit* x 
white fume. 

Plumbago is lefs fat, lefs granulated, and compofed of fmall 
brilliant particles. It lofes in the fire ^ of its weight, and the 
refidue is an oxide of iron. 

Molybdena has been found in Iceland, in Sweden, in Saxony, 
in Spain, in France, &c. ; that of Iceland is found in plates, in 
a red feld fpar mixed with quartz. 

Mr. Haffenfratz gave Mr. Pelletier famples of molybdena fim- 
ijar to thofe of Iceland, which he had collecled in the mine 
named Grande Montagne de Chateau Lambe rt, near Tillot, where 
a copper mine was formerly wrought. 

William Bowles appears to have found molybdena near the 
village of Real de Monafterio ; it is in banks of grit ftone, fome- 
times mixed with granite. 

The molybdena of Nordberg in Sweden is accompanied with 
iron that obeys the magnet. 

The molybdena of Altemberg in Saxony nearly refembles 
that of Nordberg. 

Mr. Pelletier analyfed all thefe fpecies ; and his work may 
be coniulted in the Journal de Phyfique for 1785 ; but the ex- 
periments we (hall here relate were made with that of Altem- 
berg. 

Molybdena, expofed to heat on a teft, becomes covered, af- 
ter the fpace of an hour, with a white oxide ; which, when col- 
lected by a procefs limilar to that ufed with the fublimed oxide 
of antimony, has all the appearances of this lalt fubftance. The 
whole of the molybdena may by this means be converted into 
oxide. We are indebted to Mr. Pelletier for this fine experi- 
ment, which had efcaped Scheeie. 

Molybdena is indeitruetible in clofe veflels, and prodigioufly 
refractory, according to the experiment of Mr. Pelletier, made 
with balls of porcelain expofed to the mod intenfe heat. 

Molybdena treated with the blacR flux was not reduced, nor 
even deprived of its fulphur. 
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Molybdena fufcd with iron affords a button, which refemble* 
Cobalt : it unites likewife perfectly with copper ; but when mix- 
ed with kad and tin, it renders them fo refractory that the re- 
fuhs are pulverulent and infuftble alloys. 

The oxide of molybdena obtained by calcination, or by the 
a£ion of the nitrick acid, is not reducible when treated with 
black flux, alkali, charcoal, or the other faline fluxes ; neverthe- 
kfs if the oxide of lead or copper be added, the metals which 
refult are alloyed with a portion of molybdena, which may be 
feparated. 

The oxide of molybdena made into a pafte with oil, dried by 
$he fire, put into a lined crucible, and urged by a violent heat 
for two hours, afforded Mr. Pelletier a fubftance flightly aggluti- 
nated, which could be broken with the fingers. It was black, 
but perceptibly of a metallick afptdt. When viewed with the 
magnifier, f-mall round grains of a greyifh metallick colour were 
feen, which are the metal of molybdena. It is prodigiouily re- 
fractory, j for the fire which Mr. Pelletier gave was ftronger than 
that which Mr. Darcet ufed in the fame forge to fufe platina and 
rnanganefe. 

i. Molybdena is calcinable, and paffes to the ftate of a very 
white oxide. 2. It detonates with nitre, and the refidue is an 
oxide of rnanganefe mixed with alkali. 3. The nitrick acid 
converts it intp a white acid oxide. 4. The alkalis difengage hy- 
drogenous gas from k in the dry way, and the refidue is the ox- 
ide of rnanganefe and alkali. 5. It alloys with the metals in 
different manners. Its alloys with iron, copper, and iilver, are 
very friable. 6. When treated with fulphur it regenerates the 
mineral molybdena. 

According to Mr. Kirwan, the mineral of molybdena contains 
&&y-five pounds fulphur, and forty-five metal. The iron is ac- 
cidental. 

To reduce the mineral molybdena to powder, Scheele directs 
that it be triturated in a mortar with a fmall quantity of fulphate 
of pot-afh. The powder is afterwards warned in hot water, to 
carry off the fait, and the molybdena remains pure. 

This ore is a true pyrites, which when treated with the ; 
blow-pipe, emits a white acid fume. But as this method 
affords only a fmall quantity of oxide, another method is 
ufed to obtain it. Thirty parts of nitrick acid are dif- 
tilled on one of powder of molybdena ; care being taken 
toufe a large retort, and to pour the acid on at feverai times, 
having previouily diluted it with one fourth of water. The re- 
ceiver being luted on, the € diilillation is performed on the fand- 
bath. When the fluid begins to boil, a confiderable quantity of 
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nitrous gas comes over. The diftillation being continued to dry- 
hefs, there remains a powder, upon which an additional dofe of 
nitrick acid is poured \ and this management is repeated until all 
the nitrick acid has been ufed. At the end of the procefs there 
remains a refulue as white as chalk, which is to be wafhed with 
water to carry off a fmall quantity of fulphurick acid, which is 
formed by the decompofition of the nitrick acid upon the ful- 
phur. After this edulcoration there remain fix gros thirty-fix 
grains of an acid powder, when the operation has been made 
with thirty ounces of nitrick acid, and one ounce of molybdena. 
It is the molybdick acid. 

The arfenical acid diftilled from the mineral molybdena, like- 
wife affords the molybdick acid. j 

It is evidently feen that its formation, like that of the arfeni- 
cal acid, is owing only to the decompofition of the acid made~ : 
ufe of, and the fixation of their oxigene on the metal employed.' 

This acid is white, and leaves a perceptibly acid and metall-; 
ick tafte on the tongue. ; 

Its fpecifick gravity compared with that of pure water is 
3.460 : 1. 000, according to Bergmann. 

It undergoes no alteration in the air. 

It does not rife in fublimation, but by the affiftance of the 
air. 

It colours the native phofphate of a beautiful green. 

If it be diftilled with three parts of fulphur, the mineral mo- 
lybdena is regenerated. This acid is foluble in five hundred 
and feventy times its weight of water at a mean temperature. 
The folution is very acid ; decompofes the folutions of foap ; 
precipitates the fulphures of alkali. It becomes blue and eon- 
fiftentby cold. 

The concentrated fulphjirick acid difTolves a large quantity of 
it. The folution afTume3 a fine blue colour^ and becomes thick- 
by cooling. This colour difappears by heat, and returns again" 1 
as the fluid cools. 

The muriatick acid difTolves a confiderable quantity by th$T 
aififtance of ebullition. If the folution be diftilled, it leaves a" 
refidue of an obfeure blue colour. By an increafe of heat, whit^ 
fublimate rifes mixed with a little blue ; the fuming muriatick 
acid pafles over into the receiver. This fublimate attracts hu- 
midity, and is nothing but the molybdick acid vo!atili2ed by the 
muriatick. 

This folution of the molybdick acid precipitates filver, mercu> 
TJ, and lead from their folutions in the nitrick acid. It likewlfc 
precipitates lead from it's folution of the muriate o£ hid, bu* 
not the other metal*. 
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The molybdick acid takes barytes from the nitrick and murt- 
atick acids. 

In the dry way it decompofes the nitrate of pot-afh, and 'the 
muriate of foda ; and the acids pafs over in the fuming ftate. 

It difengages the carbonick acid from its combinations, and 
unites with the alkalis. 

It even partly decompofes the fulphate of pot-am by the af- 
Cftance of a ftrong heat. 

It diffolves feveral metals, and aflumes a blue colour in pro- 
portion as it yields its oxigene to them. 

The combinations of this acid with the alkalis are little known. 
Scheele however has obferved, that fixed alkali renders this acid 
earth more foluble in water ; that the alkali prevented the acid 
from rifing ; that the molybdite of pot-afh is precipitated by 
cooling in fmall granulated cryftals. 

The oxigene adheres but flightly to the molybdick bafe : for 
this acid boiled with the femi-metals does not fail to affume a 
blue colour. 

Hydrogenous gas pafTed through it is fufficient to produce 
the blue colour. 

Molybdena, as Mr. Pelletier has obferved, has great refem- 
blance in its chemical refults to antimony ; fince, like that femi- 
metal it is capable of affording by calcination an argentine ox- 
ide, capable of vitrification. 






t>ARt THE FOURTH. 
CONCERNING VEGETABLE SUBSTANCES. 



INTRODUCTION. 



X HE mineral bodies upon which we have hitherto 
treated, poffefs no life or vital principle, properly /peaking j 
neither do they exhibit any phenomena dependant upon internal 
organization. The cryftallization affected by fubftanccs of this 
kingdom, appears to be exceedingly different from the organi* 
zation of living beings. It produces no advantage to the indi- 
vidual ; and at mOft ferves only to prove the great harmony of 
nature, which marks its feveral productions with conftant and 
invariable forms. But the organization of vegetable and animal 
beings difpofes thofe bodies in fuch a manner as is refpectivety 
the mod proper to accomplifh the two final purpofes of nature ; 
namely, the fubfiftence and reproduction of the individual.* 

It cannot be denied that vegetables are endued with a prihci* 
pie of irritability, which developes in them both fenfation and 
motion : the motion is fo evident In certain plants, that it may 
be produced at pleafure, as in the fenfitive plant, the (lamina 
erf" the opuntia, &c. The plants which follow the GoUrfe of the 
fun j thofe which in hot-houfes incline towards the aperturesr 
that admit the light ; other plants which contract and fhut up 
by the puncture of an infect ; thofe whofe roots turn out of 
their direct or original courfe to plunge themfelves into a fa- 
vourable foil, or water— -have not thefe a degree of fenfation of 
touch which may be compared to the fenfibility of animals ? The 
difference of the fecretions in various organs, fuppofes a differ* 
ence in the irritability of each refpective part. 

The reproduction of vegetables is effected in the fame man- 
ner as that of animals ; and modern botanifts have fupported 
the comparifon between thefe two functions in the molt happy 
and conclufive manner. 

• * For the developement of thefe principles, fee La Thefe fur l'Analyfc 
Vegetal fupported at the fchoolsof Montpellier by mv fcholar and friend, 
JM. Riche. 
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Vegetables are nourifhed with air in the fame manner as in- 
feds. This aliment is even of indifpenfible neceflity, for with- 
out it the plant at laft perifhes : though the air which this order 
of beings requires, is neither of the fame purity nor of the fame 
kind. 

The great difference which exifts between vegetables and ani- 
mals is, that the latter in general are capable of conveying 
themfelves from place to place, in fearch of nourifhment ; 
whereas vegetables, being fixed in the fame place, are obliged 
to take up in their own vicinity all fuch matters as are capable 
of nourifhing them : and nature has provided them with leaves* 
to extract from the atmofphere the air and water of which they 
have need ; while their roots extend to a diftance in the earth 
to take firm hold, as well as to receive other nutritive principles. 

If we attend more minutely to the character of animals, we 
fhall perceive that nature defcends by imperceptible degrees 
from animals of the moft complicated organization to vegeta- 
bles ; and we fhall find it difficult to determine where one king- 
dom terminates, and the other begins. Chemical analyfis is ca- 
pable of marking the limits between thefe kingdoms in an im- 
perfect manner. For a long time it was pretended that animal 
fubftances poffefTed the exclufive property of affording ammo- 
niack, or the volatile alkali ; but it is at prefent well known that 
certain plants likewife afford it. We may in ftrictnefs confider 
a vegetable as a being that participates in the laws of animal life, 
but in a lefs degree than the animal itfelf. 

The difference which has been eftablifhed between the veget- 
able and the mineral kingdoms, is much more finking. We 
may confider this laft as a mafs deprived of organization, and al- 
moft in an elementary ftate ; receiving no modifications or 
changes but by the impreffion of external objects ; capable of 
entering into combinations ; of changing its nature ; and of 
re-appearing, or being re-produced with its original properties, 
at the pleafure of the cbemift. The other kingdom, on the con- 
trary, being endued with a particular life, which inceffantly 
modifies the impreffion of external objects, decompofing them, 
and changing their nature, exhibits to us a feries of functions 
regular throughout, and almoft all of them inexplicable : and 
when the chemift has fucceeded in depriving thefe bodies of 
their organization, and feparating their principles, he finds it 
beyond his power to reproduce it by any re-union of the fame 
principles. 

In the mineral kingdom, we are juflified in referring all die 
phenomena to the action of external bodies ; and forces purely 
phyfical, or the fimple laws of affinity, afford deductions fufficient 
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to account for all its metamorphofes. In the vegetable king- 
dom, on the contrary, we are compelled to acknowledge an in- 
ternal force which performs every thing, governs all the procef- 
fes, and fubjects to its defigns thofe agents which have an abfo- 
lute empire over the mineral kingdom. 

The mineral poffeffes no evident life, no period which may 
be confidered as the term of its perfection ; becaufe its various 
ftates are always relative to the purpofes to which we intend to 
apply it. It does not appear either to grow or to be reproduced : 
at mod it changes its form, but never by any internal determi- 
nation ; this is always the mere phyfical effect of the action of: 
external objects. In thofe cafes wherein the mineral exhibits 
marks of increafe or vegetation, it is by the fucceifive applica- 
tion of fimilar materials worn and tranfported by the waters. 
In thefe apparent vegetations we perceive neither elaboration or 
defign : the law of affinities ever prefides in thefe arrangements ; 
and this law is the law of bodies void of life. 

It is not therefore furprifing that the chemical analyfis mould 
have made lefs progrefs in the vegetable than in the mineral king- 
dom, for it becomes more difficult in proportion as the functions . 
are complicated : and in the vegetable kingdom the condiment 
parts are more numerous, at the fame time that they are lefs 
eafily diftinguifhed by characteriftick properties ; and the meth- 
ods of analyfis hitherto employed are all imperfect ; not to men- 
tion that the proceedings of chemifts have likewife been con- 
ducted upon an erroneous principle. 

All plants have hitherto been analyfed either by fire or by 
menftruums. The firft of thefe methods is very uncertain ; for 
the action of fire decompofes combined bodies, alters their prin- 
ciples, forms new bodies by the combination of thefe feparate 
elements, and extracts nearly the fame principles from very dif- 
ferent fubftances. Long experience has fhewn the imperfection 
of this method. Meats. Dodart, Bourdelin, Tournefort, and 
Boulduc have diftilled more than fourteen hundred plants ; and 
it was from the refults of fo extenfive a work that Homberg de- 
duced fufEcient reafons to conclude that this method is errone- 
ous. As a proof of his affertion, lie quotes the analyfis of cab- 
bage and hemlock, which afforded the fame principles by distil- 
lation. 

The method by menftruums is fomewhat more accurate, be- 
caufe it does not change the nature of the products : it has been 
even of greater advantage to medicine, by affording methods of 
feparating the medicinal principle from certain vegetables. It 
has alfo afforded its affiftance to extract other principles in all 
their purity, which are ufeful in the arts, or for the purpofes of 
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life ; and it has given us more inftruction concerning the nature 
of vegetable principles. But we cannot confine ourfelves to 
this fmgle method in the analyfis of plants j and a confiderable 
fhare of genius is required in the chemity, to vary his procefs 
according to the nature of the vegetable, and the character of 
the principle he is defirous of extracting. 

A reproach of confiderable weight may be urged againft raoft 
of the chemifts who have written upon the vegetable analyfis : 
it is, that they have followed no order in their proceedings, nor 
attended to any regular diftribution of the facts. They have 
confined themfelves to indicate procefFes for extracting fuch or 
fuch fubftances, without connecting the whole with any fyftem 
founded either on the methods of operating, on the nature of the 
products, or on the proceedings followed by nature in its own 
operations. I confefs that, if a difquifition on the vegetable 
analyfis were to be confined to the procefFes neceflary to be 
known in extracting the fcveral fubftances, the fyftem of order 
and of method which I propofe would be ufelefs : but if it be an 
object to know the operation of nature, and to furvey the ve- 
getable kingdom like a philofopher, a naturalift, and a chemift, it 
is neceflary to infpect the operations of nature herfelf among ve- 
getables, and to follow as much as poflible a plan which fliaU 
render us acquainted with the plant under all thefe points of 
view : that which I have adopted appears to me to anfwer that 
purpofe. 

We (hall begin by exhibiting a curfory account of the vege- 
table ftrudture, in order that we may become better acquainted 
with the connexion between its organization and the principles 
which we (hall extract. 

In the fecond place we fliall attend to the development and 
increafe of the vegetable. With this intention we (hall fhow 
the various principles which ferve for its nourishment ; and we 
(hall follow their alterations in the vegetable economy, as much 
as we are enabled to do. We fhall therefore of confequence 
examine the influence of the air, the foil, the light, &c. 

In the third place we fliall examine the refults of the work of 
organization upon elementary fubftances ; and for that purpofe 
we fhall teach the method of diftinguifhing the feveral condim- 
ent principles of vegetables : taking care to proceed in this ex- 
amination according to that method which nature herfelf points 
out. 

Thus we fhall begin with the analyfis of fuch products as we 
can extract, without deftroying the organization of the plant, 
and which are exhibited in a naked ftate by that organization ; 
fuch as the mucilage, the gums, the oils, the refins, the gum re- 
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fins, &c. We (hall in the next place analyfe fuch principles as 
cannot be collected but by deftroying the organization of the 
plant ; fuch as the fecula, the glutinous part, the fugar, th« 
acids, the alkalis, the neutral falts, the colouring principles, the 
extractive matter, iron, gold manganefe, fulphur, 8?c. 

We (hall likewife attend to the prolifick humours of vege- 
tables ; that is to fay, the examination of fuch fubftances we 
though necefiary to life, are urged outwards to anfwer certaia 
functions ; the pollen and honey are of this kind. 

We fhall afterwards examine the humours which evaporate 
and efcape by tranfpiration ; fuch as oxigenous gas, the aqueous 
principle, the aroma, or odorant principle, &c. 

And in the laft place we fhall (how the alterations to which, 
vegetables are fubjecled after death. In order to proceed vnt\ 
regularity in a queftion of fuch great importance, we fucceflive* 
ly examine the action of heat, of the air, and of water, -upon 
the vegetable, whether they aft feparately or together. Tiwt 
proceeding will render us acquainted with all the phenomena 
exhibited by vegetables in their decompofition. 
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SECTION I. 

Concerning the Structure of Vegetables. 

/VERY vegetable exhibits in its ftructure — 1. A fibrous 

hard mechanifm, which fupports all the other organs, determines 
the direction, and gives the proper folidity to the feveral plants 
and their parts. 2. A cellular tiiTue, which accompanies all the 
veiTels, envelopes all the fibres, contorts itfelf in a thoufand 
ways, and every where forms coverings and a net work, which 
connect all the parts, and eftablifh an admirable communication 
. between them. We fhall defcribe the feveral parts of plants 
in a very concife manner, and fhall confine ourfelves to the ex* 
planation and defcription of fuch organs as mud neceflarily be 
known with accuracy, before we can proceed to the analyfis pf 
plants. 

ARTICLE I. 

Concerning the Bark. 

The bark is the external covering of plants : its prolongations 
or extenfions cover all the parts which compofc the vegetable. 
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We may diftinguifh three particular tunicks, which may be 
feparately detached and obferved. The epidermis, the cellular 
tifiue, and the cortical coatings. 

i. The epidermis is a thin membrane, formed of fibres, that 
crofs each other in every direction : its texture is fometimes fo 
thin, that the direction of its fibres may be feen by holding it 
againft the light. This membrane is eafily detached from the 
bark when the plant is in a vigorous ftate ; and when it is dried 
the fcparation may be effected by fteeping it in water. When; 
the epidermis of a plant is deftroyed, it grows again ; but is then 
more ftrongly adherent to the reft of the bark, fo as to form a 
kind of cicatrice. 

This epidermis appears to be intended by nature to modify 
the impreilions of external objects upon the vegetable ; to fur- 
nifh a great number of pores, which tranfmit or throw off the 
excretory products of vegetation ; to protect the lad or extreme 
ramification of the aerial or aqueous veflels, which extract: out 
of the air fuch fluids as are neceflary for the increafe of the veg- 
etable ; and to cover the cellular organ, which contains the prin- 
cipal veflels, and thofe glands in which the feveral fluids are di- 
gefted and elaborated. 

2. The cellular coating forms the fecond part of the bark. 
Its texture confifts of veficules and utricles, fo very numerous, 
and fo clofe together, as to form a continued coating. It is 
among thefe glands that the work of digeftion appears to be 
performed ; and the product of this elaboration is afterwards 
conveyed through the whole vegetable, by veflels propagated 
through all its parts and communications ; even with the med- 
ullary fubftance or pith, by conduits that pafs through the 
body of the tree, crofling the ligneous ftrata. In this net work 
it is that the colouring matter of vegetables is developed : the 
light which penetrates the epidermis concurs in enlivening the 
colour : here like wife it is that oils and refins are formed, by 
the decompofition of water and the carbonick acid : and laftly 
it is from this reticular fubftance that thofe various products of 
the organization are thrown off or excluded, which may be con- 
fidered as the fasces of the vegetable digeftion. 

3. The coatings which lie between the external covering and 
the wood or body of the vegetable, and may be called the corti- 
cal coatings, are formed of laminae which themfelves confift of 
the re-union of the common, proper, and air veflels of the plant. 
The veflels are not extended lengthwife along the ftem, but are 
curved in various directions 5 and leave openings or mefhes be- 
tween them, which are filled by the cellular matter itfelf. Noth- 
ing more is neceflary to fhow the organization, than to macer- 
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ate thefe coatings in water, which deftroys the cellular fubftan- 
ces'ancl leaves the net work uncovered.* The cortical cover- 
ings are eafily detached from each other ; and it is from their 
gros refemblance to the leaves of a book, that they have been 
called liber. In proportion as thefe coatings approach the ligne- 
ous body, they become hard -, and at length form the external 
fofter part of the wood, which workmen call the fap. 

The bark is the moft eflential part of the vegetable, by means 
of which the principal functions of life, fuch as nutrition, digef- 
tion, the fecretions, &c. are performed. All plants, and partic- 
ularly thofe which are hollow within, and whofe produces are 
totally changed by covering them with a different bark, prove 
evidently that the digeftive force eminently refides in this part. 
The ligneous part is fo far from being effential, that many plants 
are without it ; fuch as the gramineous and the arundinaceous, 
and all plants that are hollow within. Graffes, properly fpeak- 
ing, have only the cortical part. We often fee plants internally 
rotten, but kept in vigour by the good ftate of their bark. 



ARTICLE II. 

Concerning the Ligneous Texture. 

Beneath the bark there is a folid fubftance, which forms the 
trunk of trees, and appears to be ufually compofed of concen- 
trick layers. The interiour coatings or rings are harder than 
the exteriour ; they are older, and of a more firm and clofe 
grain. The hardelt of thefe form the wood, properly fo called, 
while the fofter external rings conftitute the fap. We may con- 
fider wood as being formed of fibres, more or lefs longitudinal, 
connected together by a cellular tiflae, interfperfed with veficles 
communicating with each other •, which diminifh gradually to- 
wards the centre, where they form the pith. The pith is found 
only in young branches or plants, and difappears in plants of a 
certain age. 

The veficular tiffue bears a great analogy with the glandular 
and lymphatick veflels of the human body : in both, the confor- 
mation and ufes are the fame. In the early age of plants and 
animals, the organs have a confiderable expanfion, becaufe the 
inrceafe of the individual is very rapid at that period. But, as 

* This is moll particularly feen in the arlre a dsntclle, when the plant 
h^s b«n macerated in water. 
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age advances, the vefTels become obliterated in both kingdoms 3 
and it is obferved that, in the white woods and fungi, wliicji a- 
bound with the veficular fubftance, the growth is alfo very 
rapid. 



ARTICLE III. 

Concerning vhe VefTels. 

THE various humours of vegetables are contained in certain 
appropriated vefTels, in which they enjoy a degree of motion that 
has been compared to the circulation in animals; It diners from 
it, however ; becaufe thefe humours are not continually kept in 
equilibrio in the vefTels by an inherent force, but receive in a 
more evident manner the impreflion of external agents. Light 
and heat are the two great eaufes which determine and modify 
the motion cf the fluids and vegetables. Thefe agents caufe the 
fap to rife into the various parts, where it is elaborated in a man- 
ner correfpondent to the functions of each ; but it is not obferv- 
ed that it returns : fo that the accefnon or flux of the humours 
in vegetables is proved, but the reflux does not appear to be per- 
ceptible. 

Three kinds of vefTels may be diftinguifhed in vegetables : the 
common, or fap vefTels J the proper vefTels ; and the air vefTels, 
or trachea?. 

1. The fap vefTels convey the fap, or general humour, from 
%fhich all the others are derived. This liquor may be compared 
to the blood in animals. Thefe vefTels are refervoirs from which 
the feveral organs extract the different juices, and elaborate 
them in a proper manner. 

The fap vefTels chiefly occupy the middle of plants and trees. 
They rife perpendicularly, though with deflexions Tideways, fo 
as to communicate with all the pavts of the Vegetable. They 
convey the fap into the utricules } whence it is taken by the 
proper vefTels, in order that it may be duly elaborated. 

2. Each organ is likewife provided with peculiar vefTels, to 
feparate the various juices, and to preferve them, without fuffer- 
ing them to mix with the general mafs of humours. Thus it 
is that we find in the fame vegetable, and frequently in the fame 
organ, juices of different natures, and greatly differing in col- 
our and confidence. 

The vefTels, whether common or proper, are retained in the'r 
feveral directions by the ligneous fibres ; they are every where 
furrounded by the cellular tiflue ; they open, and pour their flu- 
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id into glands, into the cellular tiffue, and into the utricules, to 
anfwer the various functions. 

The utricules are fmall veflels or repofitories which contain 
the pith, and frequently the colouring matter. They form a 
kind of repofitory in which the nutritive juice of the plant is 
preferved, and whence it is taken on occafion ; in the fame man- 
ner as the collection of marrow is formed in the internal part 
of the bones, whence it is afterwards extracted when the ani- 
mal is not fufficiently fupplied with nutriment. 

3. The trachese, or ah* veflels, appear to be the organs of ref- 
piration, or rather thofe which receive the air, and facilitate its 
abforption and decompofition. They are called tracheae on ac- 
count of the refemblance which is thought to exift between 
them and the refpiratory organs of infects. In order to obferve 
them, a branch of a tree is taken fufficiently young to break 
off* (hort : after having cleared away the bark without touching 
the wood, the bough is broken by drawing the two extremities 
in oppofite directions ; the trachese are then feen in the fosm of 
fmall corkfcrews, or veflels turned in a fpiral direction. It is 
generally fuppofed that the large pores which are perceived in 
the tranfverfe feftion of a pfant, viewed in the microfcope, are 
merely air veflels. It often happens that the fap is extravafated 
in the cavity of the trachese ; and they appear incapable of ferv- 
ing any other purpofes than that of conveying the air, at lead 
for fome time, unlefs a change takes place in the life of thf 
plant. 

ARTICLE IV. 

Concerning the Glands. 
Small protuberances are obferved upon various parts of ve- 
getables. Thefe are glandular bodies whofe form is prodigiouf- 
ly varied. It is more particularly upon this variation of form, 
that Mr. Geuttard has grounded his feven fpecies. They are 
almoft always filled with a humour, whofe colour and nature 
are Angularly varied. 



SECTION II. 

Concerning the Nutritive Principles of Vegetables. 

IF plants were to perform no other aft than that of 
pumping the nutritive principles they contain out of the earth ; 
if they did not poflefs the faculty of digefting, affimilating them, 
and forming different products^ according to their nature, and 
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the diverfity of their organs ; it would follow, as a confequence, 
that we ought to find in the earth all thofe principles which 
analyfis exhibits to us in vegetables : a conclusion which is con- 
tradicted by the facts ; for we fhall hereafter prove that the 
production of vegetable earth is an effect of the organization of 
plants, and that it owes its formation to them inftead of com- 
municating principles ready formed to thofe individuals. If it 
were true that plants did nothing but extract their component 
parts out of the earth, thofe plants which grow on the fame foil 
would poffefs the fame principles, or at lead the analogy be- 
tween them would be very great ; whereas we find plants of 
very different virtues and flavours grow and flourifh befide each 
other. In addition to this we may obferve, that fuch plants as 
are raifed in pure water — the fat plants, which grow without 
being fixed to the earth, provided they are placed in a moid at- 
mofphere — the clafs of parafitical plants, which do not partake 
of the properties of thofe which ferve to fupport them — prove 
that a vegetable does not derive its juices from the earth, on 
account of its being earth •, but that it poflefles an internal al- 
terative and affimilating power, which appropriates to each indi- 
vidual the aliment which is fuitable to it, at the fame time that 
it difpofes and combines that aliment to form certain peculiar 
principles. This digeftive virtue will appear to be aftonifhingly 
perfect:, when it is confidered that the nutriment common to all 
vegetables is very little varied, fince we know only of the water 
and air ; and confequently that it pofTefTes the power of forming 
very different products with thefe two fimple principles. But 
from this circumftance, that the nutritive principles of plants 
are very fimple, it rnufr. beprefumed that, in the various refults 
of digeftion, or (which is the fame thing) in the vegetable fol- 
ids and fluids, there mufl be the greatefl analogy ; and that the 
differences are deducible from the- proportion of the principles, 
and their more or lefs perfect combination, rather than from 
their variety. "With this intention we fhall carefully obferve 
the tranfition from one principle to another ; and fhall explain 
the art of reducing them all to certain elementary or primitive 
fubftances, fuch as the fibrous matter, mucilage, &c. 

ARTICLE I. 

Concerning Water, as a Nutritive Principle of Plants. 

f Every one knows that a plant cannot vegetate without the af- 
fiftance of water : but it is not fo generally known that this is 
the only aliment which the root draws from the earth ; and that 
a plant can live, and propagate itielf, without any other aflilt- 
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ance than the contact of water and air. It appears to me, nev- 
erthe'efs, that the following experiments remove every doubt on 
this fubjecl: : Van Helmont planted a willow, weighing fifty 
pounds, in a certain quantity of earth covered with (heet lead : 
he watered it for five years with diftilled water ; and at the end 
of that time the tree weighed one hundred fixty-nine pounds 
three ounces, and the earth in which it had vegetated was found 
to have fufFered a lofs of no more than three ounces. Boyle 
repeated the fame experiment upon a plant, which at the end of 
two years weighed fourteen pounds more, without the earth in 
which it had vegetated having loll any perceptible portion of 
iis weight. 

Meflrs. Duhamel and Bonnett fupported plants with mofs, 
and fed them with mere water : they obferved that the vegeta- 
tion was of the moft vigorous kind ; and the naturaliit of Gen- 
eva obferves, that the flowers were more odoriferous, and the 
fruit of a high flavour. Care was taken to change the fupports 
before they could fuffer any alteration. Mr. Tillet has likewife 
raifed plant6, more efpecially of the gramineous kind, in a fimi- 
lar manner ; with this difference only, that his fupports were 
pounded glafs, or quartz in powder. Hales has obferved that 
a plant which weighed three pounds gained three ounces after a 
heavy due. Do we not every day obierve hyacinths and other 
bulbous plants, as well as gramineous plants, raifed in faucers or 
bottles containing mere water. 

'All plants do not demand the fame quantity of water ; and 
nature has varied the organs of the feveral individuals conform- 
ably to the necefllty of their being fupplied with this food. 
Plants which tranfpire little, fuch as the moffes arid the lichens, 
have no need of a confiderable quantity of this fluid ; and ac- 
cordingly they are fixed upon dry rocks, and have fcarcely.^any 
roots; but plants which require a larger quantity have foots 
which extend to a great diflance, and abforb humidity through- 
out the whole furface. 

ihe leaves of plants have likewife the property of abforbing 
water, and of extracting from the atmolphcre the fame principle 
which the root draws from the earth. But plants which live in 
the water, and as it were fwim in the element which ferves them 
for food, have no need of roots ; they receive the fluid at all 
their pores : and we accordingly find that the fucus, the uiva, 
&c. have no roots whatever. The purer the water, the more 
falutary it is to plants. Mr. Duhamel has drawn this confe- 
quence from a feries of well-made experiments, by which he 
has proved that water impregnated with falts is fatal to vegeta- 
tion. Hales caufed them to abforb various fluids, by making 
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incifions in their roots, and plunging them in fpirits of wine, 
mercury, and various faline folutions ; but he was convinced 
that thefe were all poifons to the vegetables. Befides, if thefc 
falts were favourable to the plants, they would be again found 
in the individual which .had been watered with a folution of 
them ; whereas Meflrs. Thouvenel and Cornette have proved 
that thefe falts do not pafs into the vegetable. We muft, nev- 
crthelefs, except the marine plants, becaufe the fea fait of which 
they have need is decompofed in them ; and produces a princi- 
ple which appears neceflary to their exjtftence, fince they lan- 
guifh without it. 

though it is proved that pure water is more proper for veget- 
ation than water charged with falts, it muft not on that account 
be concluded that water cannot be difpofed in a more favoura- 
ble manner to the developement of vegetables, by charging it 
with the remains of vegetable and animal decompofition. If, 
for example, the water be loaded with principles difengaged by 
fermentation or putrefaction, the plant then receives juices al- 
ready affimilated to its nature ; and thefe prepared aliments muft 
haften its growth. Independent of thofe juices already formed, 
the nitrogene gas, which conftitutes one of the nutritive princi- 
ples of plants, and is abundantly afforded by the alteration of 
vegetables and animals, muft facilitate their developement. A 
plant fupported by the remains of vegetables and animals is in 
the fame fituation as an animal fed on milk only ; its organs 
have lefs difficulty in elaborating this drink than that which has 
not yet been anamalized. 

The dung which is mixed with earths, and decompofed, not 
only affords the alimentary principles we have fpoken of; but 
likewife favours the growth of the plant by that conftant and 
fteady heat which ulteriour decompofition produces.) Thus it is 
that Fabroni affirms his having obferved the developement of 
leaves and flowers, in that part of a tree only, which was in the 
vicinity of a heap of dung. 



ARTICLE II. 

' Concerning Earth, and its Influence in Vegetation. 

Although it be well proved that pure water is fufficient for 
the fupport of plants, we muft not confider the earth as of no 
ufe. Its utility refembles that of the placenta, which of itfelf 
affords no fupport to the life of the infant, but which prepares 
and difpofes the blood of the mother to become a fuitabie nour- 
ishment j or it refembles, and has a fimilar utility with theva- 
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rious refervoirs which nature has placed in the body of man, 
to prefervfi the feveral humours, and emit them upon occafion. 
The earth imbibes and retains water ; ' it is the reiervoir deftin- 
ed by nature to preferve the elementary juice which the plant 
continually requires ; and to furnifh that fluid in proportion to 
its wants, without expofing it to the equally fatal alternatives of 
being either inundated or dried up. 

"We even fee that, in the young plant or embryo, nature has 
not chofcn to entruft the labour of digeftion to the (till feeble 
germen. The feed is formed of a parenchyma, which imbibes 
water, elaborates it, and does not tranfmit it to the germen un- 
til it is reduced into juice or humour. By infenfible gradations 
this feed is deftroyed ; and the plant becomes fufliciently ftrong, 
performs the work of digeftion without afliftance. In the fame 
manner it is that we perceive the foetus fupported in the womb 
of its mother by the humours of the mother herfelf •, but, when 
it has feen the light, it receives for nourifhment a fluid lefs 
anamalized, its organs are gradually flrengthened, and at length 
become capable of digefting a flronger and lefs affimilated nour- 
ifhment. 

/But on this very account, that the earth is deftined to tranf- 
mit to the plant that water which is to fupport it, the nature of 
the foil cannot be a matter of indifference, but muft be varied 
accordingly as the plant requires a more or lefs c< nfiderable 
quantity of water, accordingly as it demands more or lefs in a 
given time, and accordingly as its roots extend to a greater or 
lefs diftance. It may therefore be immediately perceived that eve- 
ry kind of earth is not fuitable for every plant, and confequent- 
ly that a flip cannot be grafted indifferently upon every fpecies. 

A proper foil is that — I. Which affords a fufHciently firm 
fupport to prevent the plant from being fhaken. 2. Which per- 
mits the roots to extend themfelve^ to a diftance with eafe. 3. 
Which becomes impregnated with humidity, and retains the 
water fufHciently that the plant may not be without it when 
wanted.' — To anfwer thefe feveral conditions, it is neceffary to 
make a proper mixture of the primitive earths, for none of them 
in particular poffeffes them. Siliceous and calcareous earths 
may be confidered as hot and drying, the argillaceous as moift 
and cold, and the magnefian as poffe fling intermediate properties. 
Each in particular has its faults, which render it unfit for cul- 
ture : clay abforbs water, but does not communicate it : calca- 
reous earth receives and gives it too quickly : but the properties 
of thefe earths are fo happily oppofed, that they correct each, 
other by mixture. Accordingly we find that, by adding lime to 
an argillaceous earth, rfws laft is divided ; and the drying prop- 
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erty of the lime is mitigated, at the fame time that the ftiflnefs 
of the clay i6 diminifhed. On thefe accounts it is that a fingle 
earth cannot conftitute manure ; and that the character of the 
earth intended to be meliorated ought to be fludied, before the 
choice of any addition is decided on. Mr. Tillet has proved that 
the bed proportions of a fertile earth for corn, are three eighths 
of clay, two eighths of fand, and three eighths of the fragment* 
of hard itone. 

The advantage of tilling confifts in dividing the earth, aerat- 
ing it, destroying ufelefs or noxious plants, and converting them 
into manure, by facilitating their decomposition. 

Before we had acquired a knowledge of the conftituent prin- 
ciples of water, it was impofTible to explain, or even to conceive, 
the growth of plants by this iingle aliment. Jn fact, if the wa- 
ter were an element, or indecompofable principle, it would af- 
ford nothing but water in entering into the nutrition of the 
plant, and the vegetable would of courfe exhibit that fluid only : 
but when we confider water as formed by the combination of 
the oxigenous and hydrogenous gafes, it is .eafily understood 
that this compound is reduced to its principles ; and that the 
hydrogenous gas becomes a principle of the vegetable, while the 
oxigene is thrown off by the vital forces. Accordingly we fee 
the vegetable almoft entirely formed of hydrogene. Oils, refins, 
and mucilage, confift of fcarcely any thing but this fubftance j 
and we perceive the oxigenous gas efcape by the pores, where 
the action of light caufes its difengagement. ".This decomposition 
of water is proved not only in vegetable, But likewife in animal 
bodies. Rondelet (Lib de Pifc. lib. i. cap. 12.) cites a great 
number of examples of marine animals which cannot fubfift but 
by means of water, by the very constitutions of their organs. 
He affirms that he kept, during three years, a fifh in a vefTel 
conftantly maintained full of very pure water : it grew to fuch 
a fize, that at the end of that time the vefTel could no longer 
contain it. He relates this as a very common fact. We like- 
wife obferve the red fifhes, which are kept in glafs veffels, are 
nourifhed, and grow, without any other afliftance than that of 
!lie water properly renewed. 

ARTICLE III. 

Concerning Nitrogen** Gas, as a Nutritive Principle of Plants. 

Vegetables cannot live without air, but the air they re- 
quire is not the fame as is appropriated to man. Drs. Pneftly, 
lugenhoufz, and Mr. Seuebier, have proved that it is the nilro- 
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•enaGf gas which more particularly ferves them for aliment. 
Hence it arifes that vegetation is more vigorous when a greater 
quantity of thofe bodies which afford this gas by their decompo- 
fition are prefented to the plant ; thefe are, animals or vegeta- 
bles in a ftate of putrefaction. As the bafis of nitrogens* gas 
is unknown to us, it is difficult to conceive what may be its ef- 
fect upon the vegetable economy, and we cannot follow it after 
its introduction into the vegetable. We do not find it again un- 
til the decompofition of the vegetable itfelf, when it re-appears 
in its gafeous form. * 



ARTICLE IV. 

Concerning the Carbonick Acid, as a Nutritive Principle of Vegetables. 

The carbonick acid which is difperfed in the atmofphere, or 
in waters, may likewife be confidered as an aliment of plants ; 
for thefe bodies pofTefs the power of abforbing and decompofing 
it when its quantity is fmall. The bafe of this acid even feems 
to contribute to the formation of vegetable fibres ; for I have ob- 
ferved that this acid predominates in the fungus, and other fub- 
terraneous plants. But by caufing thefe vegetables, together 
with the body upon which they were fixed, to pafs by impercep- 
tible gradations from an almofi: abfolute darknefs into the light, 
the acid very nearly difappeared ; the vegetable fibres being pro- 
portionally increafed, at the fame time that the refin and colour- 
ing principles were developed by the oxigene of the fame acid. 
Senebier has obferved, that the plants which he watered with 
water impregnated with the carbonick acid, tranfpired a much 
greater quantity of oxigenous* gas ; which proves a decompofi- 
tion of the carbonick acid. 

Vegetation may therefore be fuccefsfully employed to correct 
air too highly charged with carbonick acid, or in which the ni- 
trogenous gas exifts in too great a proportion. 



ARTICLE V. 

Concerning Light, and its influence on Vegetation. 

Light is abfolutely neceffary to plants. Without the aflift- 
ance of this principle they become pale, languifh, and die. But 
it has not been proved that it enters as an aliment into their 
compofition : at moftjt may be confidered as a ftimulus or acrent 
which decompofcs the* various nutritive principles, and feparatcs 
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the oxigenous gas arlfing from the decompofition of water, or 
the carbonick acid, while their bafes become fixed in the plant 
itfelf. 

The moft immediate effect of the fixation of the various fub- 
flances, and the concretion of the liquids, which ferve as the food 
of plants, is a fenfible production of heat, which caufes plants 
to participate very little in the temperature of the atmofphere. 
Dr. Hunter obferved, by keeping a thermometer plunged in a 
hole made in a found tree, that it constantly indicated a temper- 
ature feveral degrees above that of the atmofphere, when it was' 
below the fifty-fixth divifion of Fahrenheit ; whereas the vege- 
table heat in hotter weather, was always feveral degrees below 
that of the atmofphere. The fame philofopher has likewife ob- 
ferved, that the fap which out of the tree, would freeze at 3 2°, 
did not freeze in the tree unlefs the cold were augmented 15* 
more. 

The vegetable heat may increafe or diminifh, by feveral cau- 
fes, of the nature of difeafe ; and it may even become percept- 
ible to the touch in very cold weather, according to Mr.Buffbn. 

The heat produced in healthy vegetables, by the before men- 
tioned caufes continually tempers the cold of the atmofphere : 
the evaporation which takes place through the whole body of 
the tree, continually moderates the fcorching heat of the fun j 
and thefe productive caufes of cold or heat are more effectual, 
in proportion as the heat or cold of external bodies acts with 
greater energy. 

The property which plants pofTefs of converting nitrogenous 
gas and carbonick acid into nourifhment, eftablifh.es an aftonifh- 
ing degree of analogy between them and certain infects. It ap- 
pears, from the obfervation of Frederick German (Ephem. des 
Curiof. Nat. Anne'e 1670,) that tf\e air may become a real food 
for the clafs of fpiders. The larvse of the ant, as well as of fev- 
eral infects of prey which live in the fand, increafe in bulk, 
and undergo their metamorphofes without any other nourifh- 
ment than that of the air. It has been obferved that a great 
number of infects, particularly in the ftate of larva?, are capa- 
ble of living in the nitrogenous gas, mixed with carbonick acid, 
and tranfpiring vital air. The abbe Fontanel has obferved that 
feveral infects poffefs this property ; and Ingenhoufz> who is of 
opinion that the green matter which is formed in water, and 
tranfpires oxigenous gas by the light of the fun, is a clufter of 
animalcula, has added to thefe phenomena. Infects have more- 
over the organ of refpiration ditlributed over the whole furface 
of their bodies. Here therefore we obferve feveral very afton- 
ifhing points of analogy between infects and vegetables ; and 
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?he chemical aiialyfis adds ftill more to thefe refemblances, fines 
infects and vegetables afford the fame principles \ namely, vola- 
tile oils, rtffins, difengaged acids, ice, 



SECTION lit. 

Concerning the Refults of Nutrition, or the Vegetable Principle*. 

JL HE various fubftances which afford food to plants, 
&re changed by the organization of the vegetable ; from which 
there refults a fluid generally distributed, and known by the 
name of Sap. This juice, when conveyed into the feveral parts 
of the plant, receives an infinity of modifications, and forms the 
feveral humours which are Separated and afforded by the organs. • 
It is to thefe principles chiefly that we are at prefent about to 
direct our attention ; and we (hall endeavour in our examina- 
tion to follow the molt natural order, by fubjecling them to 
analyfis in the fame order as that in which nature prefents them 
to us. 

ARTICLE t. 

Concerning Mucilage. 

Mucilage appears to conftitute the firft alteration of the ali- 
mentary juices in vegetables. Molt; feeds are almolt totally re^ 
folvable into mucilage, and young plants feem to be entirely 
formed of it. This fubftance has the greateft analogy with the 
mucous fluid cf animals. Like that fluid, it is molt abundant 
in the earlier periods of life, and all the other principles appear 
to be derived from it j and in vegetables, as well as animals, its 
quantity becomes lefs in proportion as the increafe of magnitude, 
or growth of the individual, becomes lefs, or ceafes. Mucilage 
is not only the nutritive juice of plants a,nd animals ; but, when 
extracted from either, it becomes the molt nourifhing and 
■wholefome food we are acquainted with. 

Mucilage forms the bafis of the proper juices, or the fap of 
plants. It is fometimes found almoit entirely alone, as in mal- 
lows, the feeds of the wild quince, linfeed, the feeds of thlafpi, 
&c. Sometimes it is combined with fubftances infolubk ia 
3...F 
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water, which it keeps fufpended in the form of nn cmulfion ; 
as in the euphorbium, celandine, the convolvulus, and others. In 
other inftances it is united with an oil and forms the fat oils. 
Frequently it is united with fugar ; as in the gramineous feeds, 
the fugar-cane, maize, carrot, &c. It is likewife found con- 
founded with the eflential falts, with excefs of acid, as in bar- 
Denies, tamarinds, forrel, &c. 

Mucilage fometimes conftitutes the permanent ft ate of the 
plant ; as in the tremella, the conferva, fome lichens, and moty 
of the champignons. This exiftence in the form of mucilage is 
likewife feen in certain animals ; fuch as the medufa or fea- 
nettle, the holothurion, &c. 

The characters of mucilage are — i. Infipidity. 2. Solubil- 
ity in water. 3. Infolubility in alcohol. 4. Coagulation by the 
action of weak acids. 5. The emiffionof a confiderable quan- 
tity of carbonick acid, when expofed to the action of fire ; at 
the fame time that it becomes converted into coal, without ex- 
hibiting any flame. Mucilage is likewife capable of palling to 
the acid fermentation when diluted with water. 

The formation of mucilage appears to be almod independent 
of light. Thofe plants which grow in fubterraneous places a- 
bound with it. But light is required to enable mucilage to pafs 
to other dates, for, without the afliftance of this principle, the 
fame plants would obtain fcarcely any confidence. 

That which is called gum, or gummy juices, in commerce, 
is nothing but dried mucilage. Thefe gums are three in num- 
ber. They either flow naturally from the trunk of the tree 
which affords them, or they are obtained by incifion of the 
bark. 

1. Gums of the country, Gummi noftras. — This gum flows 
naturally from certain trees in our climate, fuch as the plumb, 
the peach, the cherry-tree, &c. It firft appears in the form of 
a thick fluid, which congeals by expofure to the air, and lofes 
theadhefive and gluey. confidence which characterizes it in the 
liquid date. Its colour is white, but more commonly yellow 
or reddifh. When pure, it may be advantageoufly fubdituted 
for gum arabick, which is much dearer. 

2. Gum arabick. — The gum arabick flows naturally from the a- 
cacia in Egypt and Arabia. It is even affirmed that it is not obtain- 
ed from this tree only, but that the gum met with in commerce 
is the produce of feveral trees. The appearance of this gum is in 
round pieces, white and tranfparent, wrinkled without and hollow 
within ; it is likewife found in round pieces varioufly contorted. 
This gum is eafily foluble in water, and forms a tranfparent 
jelly called mucilage. It is much ufed in the arts and in mcdi- 
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-cine. It is mild, void of fmell or tafte, very well adapted to 
ferve as the bafis of paftils and other preparations ufed as miti- 
gating or foftening remedies. 

3. Gum adragant. — The gum adragant is nearly of the fame 
nature as gum arabick. It flows from the adragant of Crete, » 
fmall fhrub not exceeding three feet in height. It comes to us 
in fmall white tears, contorted, and refembling little worms. 
It forms with water a thicker jelly than gum arabick, and may 
be ufed for the fame purpofes. 

If the roots of marfhmallows, 01 of the confolida, linfeed, the 
kernels of the wild quince (coing), &c. be macerated in water 
for a time they afford a mucilage fimilar to that of gum arabick. 

All thefe gums afford by distillation, water, an acid, a fmall 
quantity of oil, a fmall quantity of ammoniack or volatile alkali, 
^nd much coal. This fketch of analyfis proves that mucilage is 
compofed only of water, oil, acid, carbone, and earth ; and 
fhows that the various principles of the alimentary juices, fuch 
as water, the carbonick acid, and nitrogene gas, are fcarcely 
changed in this fubftance. 

Gums are ufed in the arts and in medicine. In the arts they 
are applied to give a greater degree of confidence to certain col- 
ours, and to fix them more permanently upon paper ; they are 
alfo ufed as a preparation to give a firmer body to hats, ribbonds, 
taffetas, See. Stuffs dipped in gum water acquire a luftre and 
brightnefs ; but water, and the handling of thefe goods, foon 
deftroy the illufion j and thefe proceffes are claffed among thofe 
which nearly approach to impofition and deceit. Gum is like- 
wife the bafis of moft kinds of blacking ufed for fhoes, boots, 
and the like. 

The gums are ordered in medicine as emollients. They com- 
pofe the bafis of many remedies of this kind. The mucilage of 
linfeed, or of the kernels of wild quinces, is of value in allaying 
inflammations. 



ARTICLE II. 
Concerning Oils. 

By common confent the name of Oil is given to fat undu- 
ous fubftances, more or lefs fluid, infoluble in water, and com- 
buftible. 

Thefe products appear to belong exclufively to animals and 
tegetables. The mineral kingdom exhibits only a few fubftan- 
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ces of this nature, which poffefs fcnrcely any of the above prop-, 
erties, fuch as the un&uous property. 

Oils are diftinguifhed, relative to their fixity, into fat oils, 
^*nd eflential oils. We (hall defcribe them in this article under 
the names of Fixed Oils and Volatile Oils. The difference be- 
tween thefe two kinds of oils do not merely confift in their various 
degrees of volatility, but alio in their habitudes with the feveral 
re-agents. The fixed oils are infoluble in alcohol, but the vola- 
tile oils arc eafily difTolved : the fixed oils are in general mild ; 
while the volatile are acrid and even cauftick. 

It appears neverthelefs that the oily principle is the fame ia 
both ; but it is combined with mucilage in the fixed oils, and 
with the fpiritus rector, or aroma, in the volatile oils. By burn- 
ing the mucilage of fixed oils by diftillation, they become more 
and more attenuated ; the fame may likewife be done by means 
of water, which diffolves this principle. By diftilling volatile 
oil with a fmall quantity of water, by the gentle heat of a water 
bath, the aroma is feparated, and this may be again reftored by 
re-diftilling it with the odorant plant which originally afforded if. 

Volatile oil is ufually found in the mod odorant part of any 
plant. In unbelliferous plants it is found in the feed j in the 
geum, the root affords it ; and in the labiated plants it is found 
in the branches and leaves. The fimilitude between volatile 
oils and ether, which appears to be merely a combination of ox- 
igene and alcohol, proves that the volatile oils may be nothing 
but a combination of the fermentefcible bafis of fugar with oxi- 
gene. Hence we may form a notion how oil is formed in the 
dittillation of mucilage and of fugar ; and we fhall no longer be 
furprifed to find that the volatile oils are acrid and corrofive, 
that they redden blue paper, attack and deftroy cork, and ap- 
proach to the properties of acids. We fhall now proceed t© 
treat of fixed and volatile oils feparately. 



DIVISION I. 

Concerning Fixed Oils- 

Mofl of the fixed oils are fluid ; but the greater number are 
capable of palling to the flate of folidity, even by a moderate 
degree of cold. There are fome which conftantly poflefs that 
form in the temperature of our climates ; fuch as the butter of 
cacao, wax, and the pela of the Chinefe. They all congeal at 
different degrees of cold. Qiive oils become folid at io" below 
zero of Reaumur ; oil of almonds at the fame degree ; but nut 
©il does not freeze in our climates. 



Oil $f Almonds. 42J> 

The fixed oils poflefs a very evident degree of uncluofity, do 
not mix either with water or alcohol, are volatilized at a degree 
pf heat fuperiour to that of boiling water, and when volatilized 
they take lire by the contact of an ignited body. 

The fixed oils are contained in the kernels of fhell fruits or 
nuts ; in the pippins, and fometimes in all the parts of fruits, 
fuch as olives and almonds, all whofe parts are capable of afford- 
ing them. 

The oil is ufually made to flow by expreflion out of the cellules 
which contain it : but each fpecies requires a different manage- 
ment. 

i. Olive oil is obtained by expreflion from the fruit of the 
olive tree. The procefs ufed by us is very fimple. The olive 
is crufhed by a mill (tone, placed vertically, rolling upon an 
horizontal plane. The parte thus formed is ftrongly prefled in 
a prefs ; and the firft oil which comes out is called Virgin Oii. 
The marc or pulp is then moiftened with boiling water ; the 
mafs is again prefled ; and the oil which floats upon the water 
carries with it part of the parenchyma of the fruit, and a great 
part of the mucilage, from which it is difficultly cleared. 

The difference in the kind of olive produces a difference in the 
pil 9 but the concurrent circumftances likewife eftablifh other 
differences. If the olive be not fufficiently ripe, the oil is bitter ; 
it it be too ripe, the oil is thick and glutinous. The method of 
extracting the oil has a very great influence on its quality. The 
oii mills are not kept fufficiently clean ; the mill ftones, and all 
the utenfils, are impregnated with a rancid oil, which cannot 
but communicate its flavour to the new oil. In fome cou' tries 
it is ufual to lay the olives in heaps, and fuffer them to ferment 
before the oil is drawn. By this management the oil is bad ; 
and this procefs can only be ufed for oil intended for the lamp 
or for the foap boiler. 

2. Oil of almonds is extracted from that fruit by expreflion. 
For this purpofe dry almonds are put into a coarfe fack, and ag- 
itated rather ftrongly, to difengage an acrid powder which ad- 
heres to the fkiri. They are then pounded in a marble mortar 
into a pafte, which is wrapped in a coarfe cloth, and fubjecled 
to the prefs. 

This oil is greenifh and turpid when frefh, becaufe the action 
of the prefs caufes part of the mucilage to pafs through the 
cloth ; as it becomes older it is clearer, but is acrid by the decom- 
pofition of the fame mucilage. 

Some perfons throw almonds into hot water, or expofe them 
to fteam, be tore they prefs them \ but this addition of water 
gifpofes the oils to become rancid more fpecdily. 
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By this procejfs the oil of all kinds of almonds, nuts, and feeds, 
®ay be extracted. 

3. Linieed oil is extracted from the feed of the plant linurrt. 
As this feed contains much mucilage, it is torrefied before it is 
fubjected to the prefs. This previous treatment gives the oil 
a difagreeable empyreumatick flavour : but at the fame time de- 
prives it of the property of becoming rancid, and renders it one 
of the molt drying oils. All mucilaginous feeds, all kernels, 
and the feeds of henbane and of the poppy, ought to be treated 
in the fame manner. 

If a fat oil be diftilled in a proper apparatus of veflels, the 
product is, phlegm j an acid \ a fluid or light oil, which becomes 
thicker towards the end ; much hydrogenous gas, mixed with 
carbonick acid ; and a coaly refidue, which affords no alkali. I 
have obferved that the volatile oils afford more hydrogenous gas, 
and the fixed more carbonick acid : this laft product depends 
on the mucilage. By diftilling the fame oil repeatedly, it is 
more and more attenuated, becomes very limpid and very vola- 
tile, with the only difference it has required the peculiar odour 
communicated by the fire. The volatilization of the oil may 
be accelerated by diftilling it from an argillaceous earth ; by this 
means it is in a fhort time deprived of its colouring part : and 
the heavy oils which afford bitumens, when diftilled once or 
twice from clay alone, fuch as that of Murviel, are rendered per- 
fectly colourlels. The ancient chemifts prepared oleum philofo- 
fihorum by diftilling oil from a brick previoully impregnated with 
it. 

1. Oil eafily combines with oxigene. This combination is 
either flow or rapid. In the firft cafe, rancidity is the confe- 
quence j in the fecond inflammation. 

Fixed oil expofed for a certain time to the open air, abforbs 
the oxigenous gas, and acquires a peculiar odour of fire, an 
acrid and burnt talte, at the fame time that it becomes thick and 
coloured. If oil be put in contact with oxigene in a bottle, it 
becomes more fpeedily rancid, and the oxigene is abforbed. 
Seheele obferved the abforption of a portion of the air before 
the theory was well afcertained. Oil is not fubject to alteration 
in clofed veflels. 

It feems that oxigene, combined with the mucilage, confti- 
tutes rancidity ; and that, when combined with the oil itfelf, it 
forms drying oil. 

The rancidity of oils is therefore an effect analogous to the 
calcination or oxidation of metals. It eirentially depends on 
the combination of pure air with the extractive principle, which 
is naturally united with the oily principle. We may carry this 
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inference to demonftration, by attending to the procefTes ufed 
to counteract or prevent the rancidity of oils. 

A. When olives are prepared for the table, every endeavour 
is ufed to deprive them of this principle, which determines their 
fermentation ; and for this purpole various methods are ufed. In 
fome places they are macerated in boiling water, charged with 
fait and aromaticks ; and, after twenty-four hours digeftioh, 
they are fteeped in clear water, which is renewed till their tafte 
is perfectly mild. Sometimes nothing more is done than to 
macerate the olives in cold water ; but they are frequently ma- 
cerated in a lixivium of quick-lime and wood afhes, after which 
they are warned in clear water. But in whatever manner the 
preparation is made, they are preferred in a pickle charged with 
fome aromatick plant, fuch as coriander and fennel. Some per- 
fons preferve them whole •, others fplit them, tor the more 
compicte extraction of their mucilage, and in order that they 
may be more perfectly impregnated with the aromaticks. 

All thefe proceffes evidently tend to extract the mucilaginous 
principle, which is foluble in water, and by this means to pre- 
ferve the fruit from fermentation. When the operation is not 
well made, the olives ferment and change. If olives be treated 
with boiling water, to extract the mucilage, before they are 
fubmitted to the prefs> a fine oil will be obtained, without dan* 
ger of rancidity. 

B. When the oil is made, if it be ftrongly agitated in wa- 
ter, the mucilaginous principle is difengaged ; and the oil may 
be afterwards preferved for a long time without change. I 
hare preferved oil of the marc of olives, prepared in this man- 
ner, for feveral years, in open bottles, without any alteration. 

C. The torrefacticn to which feveral mucilaginous feeds arfe 
fubjected before the extraction of the oil, renders them lefs fuf* 
ceptible of change, becaufe the mucilage has been deftroyed. 

D. M. Sieftert has propofed to ferment oils with apples or 
pears, in order to deprive rancid oils of their acrimony. By 
this means they are cleared of the principle which had combin- 
ed with them, but now becomes attached to other bodies. 

Mucilage may therefore be considered as the feed of fermen- 
tation. 

When the combination of the pure air is favoured by the vol- 
atilization of the oil, inflammation and combuftion are then the 
confequence. To carry this combination into effect, the oil 
riiuft be volatilized by the application of a heated body j and the 
flame which is produced is then fufEcient to maintain the de- 
gree of volatility, and fupport the combuftion. When a current 
•f air is caufed to pafs through the middle of the wick and the 
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flame, the great quantity of oxigene which muft then neceflari* 
ly pafs, occafions a more rapid combuftion. Hence it is that the 
light is ftronger, and without fmoke ; for this is deftroyed and 
confumed by the violent heat which is excited. 

The lamps of Palmer are likewife entitled to our particular 
attention. By caufing the rays to pafs through a liquor colour- 
ed blue, he perfectly imitates the light of the day ; which 
proves that the artificial rays require to be mixed with the blue* 
to imitate the natural ; and the folar rays which pafs through 
the atmofphere, may owe their colour to their combination with 
the blue colour which appears to predominate in the air. 

If water be projected upon oil in a ftate of inflammation, it 
is known that extinction does not happen, becaufe the water is 
decompofed in this experiment. If the product of the com- 
buftion of oil be collected, much water is obtained, becaufe the 
combination of its hydrogene with oxigene produces that fluid. 

Mr. Lavoifier has proved that one pound of olive oil contains, 
Coal or carbone, 1 2 ounces, 5 gros, 5 grains } 
Hydrogene, 3 2 67. 

The art of rendering oils drying, likewife depends on the 
combination of oxigene with the oil itfelf. For this purpofe, 
nothing more is required than to boil it with oxides. If an oil 
be heated upon the red oxide of mercury, a confiderable ebulli- 
tion enfues, the mercury is reduced, and the oil becomes very 
drying : this is an obfervation of Mr. Puyrrtaurin. The oxides 
of lead or copper are commonly ufed for this pUrpofe. An ex- 
change of principles takes place in this operation ; the mucilage 
combines with the metal, while the oxigene unites with the oil. 

Oil may likewife be combined with the metallick oxides by 
double affinity, after the manner of Berthollet. For this pur- 
pofe a folution of foap is poured into a metallick folution. By 
this means a foap of a grCen colour is prepared with a fulphate 
of copper \ and, with rhat of iron, a foap of a deep brown col- 
our, of confiderable intenfityi 

It appears that, in the combinations of fixed, oils with the ox- 
ides of lead, a fubfta' 1 lifengaged, and fwims at the top, 
which Scheele called th . et Principle, and feems to be Am- 
ply mucilage. 

2. Oil combines with fngar, and affords a kind of foap, 
which may be eafily diffufed in water, and kept fufpended. 
The trituration of almonds with fugar and water, forms the 
lac amyc'dalc, orgeat, and other emulfions. Combinations of 
this kind exift ready formed in the vegetable kingdom. 

3. Oil unites read-ly with alkalis; and the remit of this un* 
ion is the well-known compound, foap. T© this effect pot-afh, 
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*v pure alkali may be triturated with oil, and the mixture con- 
centrated by fire. The medicinal foap is made with oil of fweet 
almonds, and half its weight of pot-afh or cauflick alkali. The 
foap becomes hard by (landing. 

To make the foap of commerce, one part of good foda of Al- 
icant mult be boiled with two of quicklime, in a fufhcient 
quantity of water. The liquor is then to be drained through 
a cloth ; and evaporated to that degree, that a phial which con- 
tains eight of pure water, may hold eleven of the faline folution, 
which is ufually called Soap Lye or Lees. One part of this 
lixivium, and two of oil, boiled together, till upon trial with a 
fpatula it eafdy feparates, and foon coagulates, form foap. 

In moft manufactories the lixivium is prepared without heat. 
Equal volumes of pounded foda of Alicant, and quicklime pre- 
vioufly flacked, are mixed together. "Water is thrown on this 
mixture, which filters through, and is conveyed into a proper 
veflel. "Water is poured on till it pafles through without ac- 
quiring any more fait. In this way thefe kinds of lyes are ob- 
tained, which differ in ftrength ; that which pailes firft is the 
ftrongeft, and the laft is almoft mere water. Thefe are after- 
wards mixed with oil in boilers, where the jnixture is favoured 
by heat. The weak lye is firft added, and afterwards gradually 
the ftronger ; and the ftrongeft is not added till towards the end 
of the procefs. 

To make the foap marbled, they make ufe of foda in the mafs, 
blue copperas, cinnabar, &c. according to the colour defired. 

A liquid green or black foap is likewife made by boiling the 
lixivium of foda, pot-afh, or even wood afhes, with the marc 
of the oils of olive, of nuts, or of nape : or with fat, or fifh oil, 
&c. The black foap is made in Picardy, and the green in Hol- 
land. The Marquis de Bouillon has propofed to make foaps 
with animal fat. 

At Aniane, in the neighbourhood of Montpellier, a foft foap 
is prepared with cauftick lixivium of wood afhes, and the oil or 
the marc of olives. 

If foap be expofed to diftillation, the refult is water, oil, and 
niuch ammoniack ; and there remains in the retort a large quan- 
tity of the alkali ufed in the fabrication of the foap. The am- 
moniack which is produced in this experiment appears to me 
toarife from the combination of the hydrogenous gas of the oil 
with the nitrogenc, a conftituent principle of the fixed alkali. 

Soap is foluble in pure water; but it forms curds, and is de- 
compofed in water abounding with fulphates : becaufe theful- 
phurick acid feizes the alkali of the foap ; while the earth com- 
bines with the oil, and forms a foap which fwims at the furface. 
3...G 

1 
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Soap is likewife foluble in alcohol by the affiflance of a gentle 
heat ; and forms the effence of foap, or opodeldock, which may 
be fcented at pleafure. 

Soaps are capable of combining with a larger quantity of oil, 
and rendering it fo:uble in water. Hence their property of 
cleanfing cloth.', linens, &c. They are ufed as deobltruents in 
medicine. 

4. The fixed oils unite likewife with acids. Meffrs. Achard, 
Cornette, and Macquer, have attended to thefe combinations. 
Achard gradually adds the concentrated fulphurick acid to the 
fixed oil ; the mixture being triturated, a mafs is obtained which 
is foluble in water and in alcohol. 

The fuming nitrick acid immediately turns the fixed oils black, 
and fets fire to fuch as are drying. It is in this cafe decompofed 
with a rapidity fo much the greater, as the oil has a greater af- 
finity with the oxigene. On this account it is that the inflam- 
mation of the drying oils is more eafily effected than that of the 
others. 

Thofe acids whofe conflituent parts adhere mofl ftrongly to- 
gether, have but a very feeble action on oils ; a circumftance 
which proves that the effect of acids- upon oils is principally 
owing to the combination of their oxigene. 

It is by virtue of this ftrong affinity of oils with oxigene, that 
they poffefs the power of reviving metals. The oxigene then 
quits the metal, and unites with the oils, which become thick 
and coloured. It likewife follows from hence that drying oils 
ought to be preferred for this ufe ; and we find that practice 
agrees with theory in this refpect. 

DIVISION II. 

Concerning Volatile Oils. 
■ 

Fixed oil is combined with mucilage, volatile oil with the 
fpiritus rector, or aroma ; and it is this combination or mixture 
which conftitutes the difference between them. The volatile 
oils are characterized L a ftrong fmell, more or lefs agreeable ; 
they are foluble in alcohol, and have a penetrating and acrid 
tafte. All the aromatick plants contain volatile oil, excepting 
thofe whofe fmell is very tranfient, fuch as jeffamine, violets, 
lilies, &c. 

The volatile oil is fometimes diflribured through the whole 
plant, as in the Bohemian angelica ; fometimes it exifts in 
the bark, as in cinnamon. Balm, mint, and the greater abfin- 
thium, contain their oils in the ftem and leaves ; elicampane, 
the iris of Florence, and the caryophyllata, in the root. All. 
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the refinous trees contain it in their young branches ; rofemary, 
thyme, and wild thyme, contain their eflential oils in their leaves 
and buds ; lavender, and the rofe, in the calyx of their flowers; 
camomile, lemon, and orange trees, in the petals. Many fruits 
contain it through their whole fubftance, fuch as pepper, juni- 
per, &c. Oranges and lemons in the zeft and peeling which 
inclofe them. The feed of umbelliferous plants, fuch as annife 
and fennel, have the veficles of eflential oil arranged along the 
projecting lines on their fkin : the nutmeg tree contains its eflen- 
tial oil in the nut itfelf. — See L' Introduction h /' Etude du Regne 
Veg.par M. Buquet. p. 209— 212. 

The quantity of volatile oil varies according to the {late of 
the plant. Some afford moft when green, others when dry ; 
but the latter conftitute the fmallett number. The quantity 
likewife varies according to the age of the plant, the foil, the 
climate, and the time of extraction. 

The volatile oils likewife differ in their confidence. Some are 
very fluid, as thofe of lavender, rofemary, and rue ; the oils of 
•cinnamon and faflafras are thicker ; there are fome which con- 
stantly preferve their fluidity : others which become concrete 
by the flighted impreffion of cold, as thofe of annifeed and 
fennel : others again poflefs the concrete form, fuch as thofe of 
rofes, of parfley, and of elicampane. 

The volatile oils likewife vary in their colour. The oil of 
rofes is white ; that of lavender, of a light yellow : that of cin- 
namon, of a brown yellow ; the oil of camomile is of a fine 
blue ; that of millefoil, of a fea-green ; that of parfley, green, 
&c. 

The weight is likewife different in the different kinds. The 
oils of our climates are in general light, and fwim upon water ; 
others are nearly of the fame weight; and others are heavier, 
fuch p.s the oils of faflafras and of cloves. 

The fmells of eflential oils vary according to thofe of the 
plants which produce them. 

The tafte of the volatile oils in general is hot ; but the tafte 
of the plant does not always influence that of the oil; for ex- 
ample, the oil of pepper has no acrimony, and that which is 
obtained from wormwood is not bitter. 

We are acquainted with two methods of extracting the vola- 
tile oils — expreflion and diftillation. 

I. Thofe oils which are, as it were, in a naked flate, and con- 
tained in projecting and vifible receptacles, are obtained by ex- 
preflion. Such are thofe of citrons, oranges, cedrat, and berga- 
motte ; the oil iffues out of the fkin of thefe fruits when prefled. 
It may therefore be procured by a itrong preflure of the peeling 
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again ft an inclined glafs. In Provence and in Italy they ar« 
rai'ped ; by which means the veficles are torn, and the oil flows 
into the veifel deltined to receive it : this oil luifers the parenchy- 
ma which goes along with it to fubfide, and becomes clear by 
Handing. 

If a lump of fugar be rubbed againft thefe veficles, it imbibes 
the volatile oils j and forms an oleo-faccharum, foluble in water, 
and very proper to give an aromatick flavour to certain liquids. 
2. Diltillation is the method molt commonly ufed in the ex- 
traction of volatile oils. For this purpofe, the plant or fruit 
v/hich contains the oil is placed in the boiler or body of the 
alembick. A quantity of water is then poured in, fulheient to 
cover the plant, and the water is heated to ebullition. The oil 
■which riles with this degree of heat, comes over with the water, 
and is colle&ed at the furface in a particular receiver, called the 
Italian receiver, which fuffers the furplus of water to efcape by 
a fpout iffuing from the belly of the vefiel, whole orifice is low- 
er than that of the neck of the receiver - y fo that by this means 
the oil is collected in the neck, without a poiftbility of its eft 
caping. 

The water which pafles over in di (filiation is more or lefs 
charged with oil, and the ouorant principle of the plant, and 
forms what is known by the name of Diltilled Water. Thefe 
waters ought to be returned again into the cucurbit when the 
lame kind of plant is again diltilled ; becaufe, being faturated 
with oil, and the aromatick principle, they contribute to aug- 
ment the ulteriour product 

When the oil is very fluid or very volatile, it is necefTary to 
annex a worm pipe to the alembick, and to have the precaution 
oi keeping the water at a very cold temperature ; but when, 
on the contrary, the oil is thick, the worm pipe muft be remov- 
ed, and the water of the refrigeratory kept at a moderate tem- 
perature. In the firlt way, the oils of balm, mint, fage, laven- 
der, camomile, &c. may be diltilled ; and by the fecond, the oils 
of roles, of elicampane, of parfley, of fennci, of cumin, &c. 

The oil of cloves may likewiie be extracled by diltillation per 
defcenfum, which is determined by applying the fire above the 

material. . 

Volatile oils are very fubjcdl to be adulterated, either by mix- 
ture with fat oils, or with other eflential oils, fuch as that of tur- 
pentine, which is cheaper ; or by mixing them with alcohol. In 
the firlL cafe the fraud is eaiiiy detected— i. By diltillation, be- 
caufe volatile oils rife at the heat of boiling water. 2. By cauf- 
ing blotting paper to imbibe lome of the mixture, and expoling 
it lo a degree ox heat furndent to drive oft' the volatile oil. 3. 
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By means of alcohol, which becomes turbid and milky by the 
iniblubility of the fixed oil. 

The volatile oils which have a veryftrong fmell,fuch as thofe of 
thyme and lavender, are often fophifticated by oil of turpentine. 
In this cafe the fraud may be difcovered by foaking a fmall piece 
of cotton in the mixture, and leaving it expofed to the air a fuf- 
ficient time for the fmell of the good oil to be diffvpated, and 
leave only that of the adulteration. The fame end may be an- 
fwered by rubbing a fmall quantity of the mixture on the hand, 
in which the peculiar fmell of oil of turpentine is developed. 
Thefe oils are likewife falfified by digefting the plant in oil of ol- 
ive before diftillation. In this manner the oil of camomile is 
prepared. 

The very light oils, fuch as thofe of cedrat or bergamotte, are 
often mixed with a fmall quantity of alcohol. This fraud is ea- 
lily detected by the addition of a few drops of water, which im- 
mediately become white, becaufe the alcohol abandons the oil 
to unite with the water. 

The volatile oils are capable of uniting with oxigene, with al- 
kalis, and with acids. 

1. Volatile oils abforb oxigene with greater facility than the 
fixed oils. They become coloured by the abforption, grow 
thicker, and pafs to the itate of refin ; and when they arc 
thickened to this point, they are no longer capable of ferment- 
ing, but fecure from all putrefaction fuch bodies as are pene- 
trated and well impregnated with them. On this is founded the 
theory of embalming. — The action of acids upon thefe oils, cau- 
fes them to pafs to the ftate of refin ; and there is no other dif- 
ference between volatile oil and refin, than that which arifes 
from this addition of oxigene. 

All the oils, when they affume the character of refin by this 
combination of oxigene, let fall needle-formed cryftals of cam- 
phor. Mr. Geoffroy has obferved them in the oil of fever-few, 
marjoram, and turpentine. Acad. 1721, p. 163. 

"When the oil is changed by the combination of oxigene, it 
gradually lofes its fmell and volatility. To reftore this oil to 
hs original ff.ate, it is diflilled. A thick matter remains in the 
ciiltilling vcflel, which confifts of refin perfectly formed and is 
thus teparated from the oil, which has not yet undergone the 
fame alteration. 

2. The habitudes of acids are not the fame with all volatile 
oils. I. The concentrated fulphuriek acid thickens them : but, 
if it be diluted, it forms lavonules. 2. The nitiick acid, when 
concentrated, inflames them ; bur, when diluted, it caufes them 
gradually to pafs to the Have of reGn. i3orrichius appears to 
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have been the firft who inflamed oil of turpentine with the fui- 
phurick acid, without the nitrick acid. Horn berg repeated this 
delicate experiment with the other volatile oils. The inflamma- 
tion of oils is fo much the more eafily effecled, as the oil is 
more drying or greedy of oxigene, and the acid more ealily de- 
compofed. 3. The muriatick acid reduces oils to the fapouace- 
ous Itate, but the oxigenated muriatick acid thickens them. 

3. Starkey appears to have been one of the firfl who at- 
tempted to combine a volatile oil with a fixed alkali. His pro- 
cefs is long and complicated, like thofe of the alchemifts ; and 
the combination it afforded was known by the name of Starkey's 
Soap ; the procefs of this chemift was fo long merely becaule 
he ufed the carbonate of pot-afh, or mild vegetable alkali ; but 
if ten parts of cauftick alkali, or lapis caujlicus, be triturated hot 
with eight parts of oil of turpentine, the foap is inftantaneoufly 
formed, and becomes very hard. This is the procefs of JNlr. 
Geoffroy. — Acad, des Sciences, ann. 1725. 
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Camphor is obtained from a fpecies of laurel which grows in 
China and Japan. Some travellers affirm that the old trees 
contain it fo abundantly, that on fplkting the trunk it is found 
in large tears, fo pure as to have no need of rectification. To 
extract the camphor, the roots of the trees are ulualiy chofen 5 
or, in want of thefe, all the other parts of the tree. Thefe are 
put, together with water, into an iron alembick, which is covered 
with its head The capital" is fitted up internally with cords of 
rice ftraw, the joinings are luted, and the diilillation proceeded 
upon. Part of the camphor fubiimes, and attaches itfelf to the 
ftraw within the head ; while another portion is carried into 
the receiver with the water. The Hollanders purify camphor 
by mixing an ounce of quick-lime with every pound of the fub- 
ftance, and fubliming it in large glafs vefl'els. 

Camphor, thus purified, is a white concrete cryflalline fub- 
ftance, of a flrong fmell and tafte, foluble in alcohol, burning 
with a white flame, and leaving no refidue : refembling volatile 
oils in many refpecls, but differing from them in certain proper- 
ties ; fuch as that of burning without a refidue; of diflblving 
quietly, without, decompofition or alteration, in acids ; and of- 
being volatilized by a gentle heat, without change of its nature. 

Camphor is obtained by diltillation from the roots of zedoa- 
ry, thyme, rofemary, fage, the inula helenium, the anemony, 
the pafque flower or puliatilla, &c. And it is to be obferved, 
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that all thefe plants afford a much greater quantity of camphor 
when the lap has been fuffered to pafs to the concrete ftate, by 
a deficcation of feveral months. Thyme and peppermint, (low- 
ly dried, afford much camphor ; whereas the frefh plants afford 
volatile oil : mod of the volatile oils, in pafling to the ftate of 
rcfin, alfo let fall much camphor. Mr Achard has likewife ob- 
ferved that a fmell of camphor was difengaged when he treated 
the volatile oil of fennel with acids. The combination of the 
diluted nitrick acid with the volatile oil of anife, afforded him 
a large quantity of cryftals, which poffeffed moft of the proper- 
ties of camphor. He obtained a fimilar precipitate by pouring 
the vegetable alkali upon vinegar Saturated with the volatile oil 
of angelica. 

From all htefe facts, it appears, that the bafe of camphor 
forms one of the conftituent principles of fome volatile oils ; but 
it is in the liquid ftate, and does not become concrete but by 
combining withoxigene. 

Camphor is capable of cryftallization, according to Mr Ro- 
mieu, whether in fublimation, or when it is flowly precipitated 
from alcohol, or when alcohol is fuperfaturated with it ; it pre- 
cipitates in flender filaments, cryftallizes in hexagonal blades at- 
tached to a common axis, and it fublimes in hexagonal pyra- 
mids or in polygonal cryftals. 

Camphor is not foluble in water ; but it communicates its 
fmell to that fluid, and burns on its furface. Romieu has ob- 
ferved that fmall pieces of camphor, of one third or one fourth 
of a line in diameter, being placed on the furface of pure water 
in a glafs, have a rotatory motion : and this appears to be an- 
electrical phenomenon ; for the motion ceafes if the water be 
touched with a conducting fubftance ; but continues if it be 
touched with an infulating body, fuch as glafs, fulphur, or re- 
fill. Bergen has obferved that camphor does not turn upon 
hot water. 

Acids. diffblve camphor without producing any alteration in 
it, or becoming themfel/es decompofed : the nitrick acid dif- 
folves it quietly ; and this folution has been called Oil of Cam- 
phor. Camphor precipitated from its folution in acids by the- 
addition of alkalis, is heavier, harder, and much lefs combufti- 
ble, according to the experiments of Mr. Kofegarten. By dif- 
tilling the nitrick acid feveral times from this fubftance, it ac- 
quires all the properties of an acid which cryftallizes in parallel- 
opipedons. To obtain the camphorick acid, nothing more is 
required than to diftil the acid at feveral times from the cam- 
phor, and in a large quantity. Mr. Kofegarten diftilled the ni- 
trick acid eight times from camphor, and obtained a fait cryftal- 
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lized in parallelopipedons, which reddened the fyrup of violets* 
and the tincture of turnfole. Itstafte its bitter ; and it differs 
from the oxalick acid in not precipitating lime from the muri- 
atick acid. 

With pot-afh it forms a fait which cryftallizes in regular hex- 
agons. 

With foda it affords irregular cryftals. 

With ammoniack it forms crystalline maffes, which exhibit 
cryftals in needles and in prifms. 

With magnefia it produces a white pulverulent fait, which 
may again be diffolved in water. 

It diffolves copper, iron, bifmuth, zinc, arfenick, and cobalt. 
The folution of iron affords a yellowifh white powder, which is 
infoluble. 

This acid forms, with manganefe, cryftals whofe planes are 
parallel, and in fome refpects refemble bafaltes. 

The camphorick acid, or rather the radical of this acid, exifts 
in feveral vegetables ■, fince camphor may be extracted from the 
oils of thyme, of cinnamon, of turpentine, of mint, of feverfew, 
of fafTafras, &c. Mr. Dehne has obtained it from the pafque 
flower, or pulfatilla •, and Cartheufer has indicated feveral other 
plants which contain it. 

Alcohol readily diffolves it, and it may be precipitated by wa- 
ter alone : this folution is known in pharmacy by the name of 
Camphorated Spirit of Wine, or Camphorated Brandy, when 
brandy is the iolvent. 

The fixed and volatile oils likewife difTolve each other by the 
afliftance of heat ; the folutions let fall cryftals in vegetation, 
fimilar to thofe which are formed in the folutions of fal-ammo- 
niack, compofed of very fine filaments adhering to a middle 
part. This obfervation was made by Mr. Romieu. Acad, des 
Sciences, 1756. 

Camphor is one of the bed remedies which the art of medi- 
cine poffefTes. When applied to inflammatory tumours, it is re- 
folvent ; and, internally taken, it is antifpafmodick, efpecially 
when diffolved in brandy. It is given m Germany and in En- 
gland in the dofe of feveral drams per day ; but in France our 
timid phyficians do not prefcribe it in a larger dofe than a few 
grains. It mitigates heat in the urinary paffage. It is given 
triturated with yolk of egg, fugar, &c. 

It has likewife been fuppofed that its fmell deftroyed or drove 
away moths, and other infects which feed upon cloth, &c. 
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ARTICLE III. 

Concerning Refins. 

The name of Refin is ufed to denote inflammable fubftances 
foluble in alcohol, ufually affording much foot by their combuft- 
ion ; they are likewife foluble in oils, but not all in water. 

All the refins appear to be nothing elfe but oils rendered 
concrete by their combination with oxigene. The expofure of 
thefe to the open air, and the decompofition of acids applied to 
them, evidently prove this conclufion. 

Refins in general are lefs fweet than the balfams. They af- 
ford more volatile oil, but no acid by diftillation. 

There are fome among the known refins which are very pure" 
and perfectly foluble in alcohol, fuch as the balm of Mecca and 
of Copahu, turpentines, tacamahaca, elemi : others are lefs 
pure, and -contain a fmall portion of extract, which renders 
them not totally foluble in alcohol •, fuch are maftick, fandaracli 
guaiacum, laudanum, and dragon's blood. 

i. The balfam of Mecca is a fluid juice which becomes thick 
and brown by age. It flows from incifions made in the amyris 
opobalfamum. It is known by the different names of Balm of 
Judea, of Egypt, of Grand Cairo, of Syria, of Conftantinople, 
&c. 

Its fmell is ftrong, and inclining to that of lemons ; its tafte 
is bitter and aromatick. 

This balfam, diftilled by the heat of boiling water, affords 
much volatile oil. 

It is balfamidc ; and is given incorporated with fugar, or 
mixed with the yolk of egg. It is aromatick, vulnerary, and 
healing. 

2. The balfam of Copahu flows from a tree called Copaiba 
in South America, hear Tolu. It affords the fame products, 
and poffeffes the fame virtues, as the foregoing. 

3. The turpentine of Chios flows from the turpentine tree, 
which affords the piftachios. It is fluid, and of a yellowifh 
white colour inclining to blue. 

This- plant grows in Cyprus, at Chios, and is common in the 
fouth of France. The turpentine is obtained only from the 
trunk and large branches. Incifions are made firft at the low- 
er parts of the tree, and afterwards by degrees higher up. 

This turpentine, diftilled on the water-bath, without addition 

affords a very white, very limpid, and very fragrant volatile oil : 

a more ponderous oil may be extracted at the heat of boiling 

water 9 and the refidue which is called Boiled Turpentine, af- 

3.M 
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fords by diftillation, in the reverberatory furnace, a weak acid, a 
fmall quantity of brown confident oil, and much coal. 

The; turpentine of Chios is very rave in commerce. Venice 
turpentine is extracted from the larix : its colour is a bright 
yellow, its confidence limpid, its fmell throng and aromatick, 
its tade bitter. 

The tree which affords it is that which affords manna. Holes 
are bored during the furnmer near the bottom of the trunks of" 
thefe trees, into which fmall gutters or tubes are inferted, to 
convey the juice into veffels intended to receive it. The refin 
is obtained only from trees in full vigour ; the old trees very 
often have confiderable depofitions of refin in their trunks. 
" This turpentine affords the fame principles as that of Chios. 

It is ufed in medicine as a detergent for ulcers in the lungs, 
kidneys, Sec either incorporated with fugar, or mixed with the 
yolk of an egg to render it more m-ifciWe with aqueous potions. 
The foap of Starky, which we have fpoken of under the article 
of Volatile Oils, is made with this turpentine. 

The refin known in commerce by the name of Strafburgh 
Turpentine, is a refinous juice of the confidence of a fixed oil r 
of a yellowifh white colour, a bitter tade, and a more agreeable 
fmell than the preceding re fms. 

It flows from the yew-leaved fir, which is very common in 
the mountains of Switzerland. This refin is collected in blid- 
ers, which appear beneath the bark in the drong heats of furn- 
mer. The peafants pierce thefe veficles with the point of a 
fmall horn, which becomes filled with the juice, and is from 
time to time emptied into a larger veffel. 

The balm of Canada differs from the turpentine of the fir in 
its fmell only, which is more pleafant. It is obtained from a 
fpecies of fir which grows in Canada. 

Oil of turpentine is more particularly ufed in the arts-. It is 
the great folvent for all refins ; and, as it evaporates, it leaves 
them applied to the furface of bodies on which the mixture has 
been fpread. As refins are the bafis of all varnifhes, alcohol and 
oil of turpentine mud be the vehicles or foivents. 

4. Pitch is a refinous juice of a yellow colour, more or lefs 
inclining to brown. It is afforded by a fir named Picea or E- 
picea. Incifions are made through the bark ; and the wound 
is renewed from tim; to time, as the lips become callous. A 
vigorous tree often affords forty pounds. 

Pitch melted, and expreffed through bags of cloth, is render- 
ed purer. It is packed in barrels, by the name of White Pitch, 
or Burgundy Pitch. 

"White pitch mixed with lamp black, forms black pitch. 
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White pitch kept in fufion becomes dry. The deficcation 
may be facilitated with vinegar, and leaving it for a time over 
the iire. It then becomes very dry, and is called Colophony. 

Lamp-black is the foot of burned pitch. It is likewife pre- 
pared by collecting the foot of pit-coal. 

5. Gallipot is a concrete refinous juice, of a yellowifh white 
colour and itrong fmell. This juice comes from Guienne, 
where it is afforded by two fpecies of pine, the pinus maritima 
major , et minor. 

When thefe trees have acquired a certain fize, a hole or notch 
is cut through the bark, near the bottom of the trunk. The 
refin iffues out, and flows into vefTels placed beneath to receive 
it. Care is taken to keep the wound open, and to renew it.. 
The refin flows during the fummer ; but that which iilues out 
<luring the fpring, autumn, and winter, dries againft the tree. 

The Pine likewife affords tar, and the oil called htiile de Cade. 
For this purpofe the wood of the trunk, branches, and roots, is 
heaped together and covered with turf, over which a fire ,is 
lighted, as if to convert them into charcoal. The oil which is 
dilengaged, not being at liberty to efcape, falls to the bottom in- 
to a channel or gutter, which conveys it into a tub. The molt 
fluid part is fold under the name of htiile de Cade ; and the 
the thicker part is the tar ufed for paying or painting the parts 
of fhipping and other veffels. 

The combinations of feveral refins, coloured by cinnabar and 
minium forms fealing-wax. To make the wax, take half an 
ounce of gum-lac, two drams of turpentine, the fame quantity 
of colophony, one dram of cinnabar, and the fame quantiry of 
minium. The lac and and the colophony, are to be firft fufed, 
after which the turpentine is to be added, and laftly the colour* 
ing matters. 

6. Maffick has the form of white tears of a farinaceous ap- 
pearance, having little fmell, and a bitter aftringent tafte. Maf- 
fick flows naturally from the tree, but its produce is accelerated 
by incifions. The leffer turpentine tree, and the lentifcus, af- 
ford that which is met with in commerce. 

Maffick affords no volatile oil when diftilled with water. It 
is almo!t totally foluble in alcohol. 

This refin is ufed in fumigations. It is chewed, to ilrengtu- 
en the gums ; and it forms the bafis of feveral drying var- 
nilhcs. 

7. Sandarach is a concrete refinous juice, in dry white tranf- 
parent tears, of a bitter and aftringent taite. It is obtained 
from molt fpecies of the juniper, and is found between the bark 
and the wood. 
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Sandarach is almoft totally folublc in alcohol, with whichi it 
forms a very white varnifh, that dries fpcedily. For this reafon, 
the refin itfelfis known by us under the name of Varnilb, 
(verms. ) 

8. Labdanum is a black refinous juice, dry and friable, of a 
ftrong fmell, and a difagreeable aromatick tafte. It tranfudes 
from the leaves and branches of a kind of ciftus, which grows 
in the ifland of Candia. Tournefort, in his Voyage to the Le- 
vant, informs us that when the air is dry, and the refin iflues 
out of the pores of the ciftus, the peafants ftrike all the parts of 
thefe trees with a kind of whip, made with feveral thongs of 
leather, fixed to the end of a ftaff. The juice adheres to the 
leather, and is cleared off with a knife. This is pure labdanum, 
and is very rare. That which is known by the name of labda- 
num in tortisy is mixed with a very fine ferruginous fand, for the 
purpofe of increafing its weight. 

9. Dragon's blood is a refin of a deep red in the mafs, but 
brighter when in powder. It has neither tafte nor fmell. 

It is obtained from the drakena, in the Canary iflands, from 
which it flows in tears during the dog-days. It is alfo obtained 
from the petro-carpus draco. The parts are expofed to the va r 
pour of hot-water j the juice iflues out in drops, which are col- 
lected and wrapped up in the leaves of reeds. 

The dragon's blood of the (hops, which has the form of flat- 
tened orbicular loaves, is a composition of various gums, to 
which this form is given, after they have been coloured with a 
fmall quantity of dragon's blood. 

Dragon's blood is foluble in alcohol : the folution is red : the 
refin itfelf may be precipitated of the fame colour. 

This refin is ufed in medicine as an aftringent. 

ARTICLE IV. 

Concerning Balfams. 

Some authors define balfams to be fluid inflammable fubftan- 
ces ; but there are fome which are dry. Others again give this 
name to the molt fragrant among the refins. M. Bucquet has 
confined this denomination to fuch refins only as have a fweet 
flavour, capable of being communicated to water ; and which 
more efpecially contain fragrant acid and concrete falts, which 
may be feparated by decoction or fublimation. It appears 
therefore that thefe fubftances contain a principle not found in 
refins, which, combining with oxigene, forms an acid ; while 
the oil, faturated with the fame air, forms the refin. This acid 
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fait is foluble in water and alcohol. As the chemical analyfis 
points out a fufficiently ftriking difference between balfams and 
refins, we think it proper to treat them feparately. 

The fubfta*ces called Balfams are therefore refins united with 
a concrete acicyalt. We are acquainted with three principal 
kinds; viz. benzoin, the balfam of Tolu, and the ftorax cal- 
amita. 

i. Benzoin is a coagulated juice, of a pleafant fragrant fmell, 
which becomes ftronger by friction and heat. 

Two varieties of this fubltance are known ; the benzoe amyg- 
daloides, and the common benzoin. The fir ft is compofed of 
the mod beautiful tears of this balfam, connected together by a 
gluten of the fame nature, but browner, and of the afpect of 
nutmegs in its fracture. The fecond is merely the juice itfelf, 
without any mixture of thefe fine and very pure tears. It comes 
to us from the kingdom of Siam, and the ifland of Sumatra ; 
but we do not know the tree that affords it.* 

Benzoin laid upon hot coals, fufes, fpeedily, takes fire, and e- 
mits a ftrong afomatick fmell. But if it be merely heated, with- 
out fetting it on fire, it fwells up, and emits a more pleafant 
though lefs powerful fmell. 

Benzoin pounded, and boiled in water, affords an acid fait, 
which cryltallizes in long needles by cooling. This fait may 
alfo be extracted by fublimation. It rifes by a degree of heat 
even lefs than that which is required to raife the oil of benzoin ; 
and this is the fubftance called Flowers of Benzoin, or the Sub- 
limed acid of Benzoin. Neither of thefe proceffcs are econom- 
ical ; and in the preparation of thefe articles, in the large way, 
I begin by diftilling the benzoin, and caufe all the products to 
pafs confounded together into a capacious receiver. I then 
boil the product in water, and by this means I obtain a much 
greater quantity of the fait of benzoin : becaufe, in this ftate, 
the water attacks and diffolves the whole contents ; whereas the 
mod accurate trituration will not produce the fame effect. 

The fublimed acid of benzoin has a very penetrating aromat- 
ick fmell, which excites coughing ; more efpecially if the fub- 
liming veffels be opened while yet hot. It reddens the fyr- 
up of violets, and efferveices with the alkaline carbonates. It 
unites with earths, alkalis, and metals, and forms benzoates, 
of which Bergmann and Scheele have given us fome account. 

Alcohol diffolves benzoin totally, without leaving anv refidue 
but fuch foreign impurities as the balf.im may happen to con- 

* For a drawing and defcript'on of this tree, co nfult Dryander, in the 
Trani". vol. lxxvii.No. , r . 
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tain. It may be precipitated by the addition of water ; and then 
constitutes the opaque fluid called Lac Virginale. 

Benzoin is ufed as an aromatick in medicine ; but it^ is fel- 
dom ufed in fubitance, becaufe of its fparing folubiKty : its tinc- 
ture, and volatile acid are ufed. The latter is afrgood incilive 
medicine to be adminiftered in pituitous obftruttions of the 
lungs, the kidneys, &c. It is given in extrads, or diifolved in 
water. 

Benzoin is employed in fumigations for indolent tumours. 
The oil is likewife an excellent refolvent. It is applied by fric- 
tion to members affected with cold rheumatick and paralytick 
diforders. 

2. Thebalfam of Tolu, of Peru, or of Carthagena, has a mild 
and plcaiant fmell. 

It is met with in commerce in two different forms ; either in 
fhells or in the fluid ftate. The coco is foftencd in boiling 
water, and the balfam ffows out in the fluid form. 

The tree which affords it, is the Toluifera of Linnaeus. It 
grows in South America, in the diftria called Tolu, between* 
Carthagena and Nombre de Dios. 

The fluid balfam affords much volatile oil when diflilled by 
the heat of boiling water. 

An acid fait may be extracted from this balfam, which great- 
ly refembles that of benzoin ; and may be obtained by the fame 
proceffes; but this fublimed fait is commonly brown, becaufe ic 
is foiled by a portion of the balfam, which rffes with a lefs heat 
than benzoin does. 

This balfam is foluble in alcohol, and may be precipitated by 
the addition of water. 

It is much ufcd inmedicine, as an aromatick, vulnerary, and 
antinunefcent remedy. It is adminiftered either triturated with 
fugar, or mixed with fome extrad. A fyrup is prepared from 
it by diverting it in a gentle heat with fugar ; or by difloiving it 
in alcohol, adding fugar, and fuiferrng the alcohol to diffipate 
fpontaneor.lly. 

It is falfihed by macerating the di [tilled oil of benzoin upon 
the buds of the balm-fcented poplar, and adding a fmall quanti- 
ty of the natural balfam. 

Storax or Ityrax calamita is a juice of a very ftrong but plea- 
fant fmell. Two varieties are known in commerce : the one 
in reddilh clean tears ; the other in maffes of a blackifh red col- 
our, foft and fatt". 

The plant which affords it is called the oriental liquid am- 
ber. It has been long fuppofed to be the ftyrax folio mali co- 
tonsi C. B. which is known in Provence, in the wood of Li 
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Chatreufe de Montrieu, by the name of Aliboufier ; and, ac- 
cording to Duhamel, affords a very odorant juice, which he took 
for llorax. 

Its habitudes during analyfis are the fame as. the preceding 
and it exhibits the fame phenomena. 

It was formerly brought to us in canes or reeds, whence its 
name of ftorax calamita. 

Thefe three balfams form the bafe of thofe fragrant paftils 
which are burned in the chambers of the fick, to conceal or dif- 
gttife bed fmells. Thefe balfams are made into mafTes by means 
of gum ; with the addition of charcoal and the nitrate of pot- 
afh, to facilitate combultion. 

ARTICLE V. 

Concerning Gum Refins. 

The gum refins are a natural mixture of extract and refin. 
They feldom flow naturally from plants, but iflue out from in- 
cifions made for that purpofe. They are fometimes white, as in 
the tithymalus and the %-tree ; fometimes yellow, as in the 
chelidonium : fo that we may confider thefe fubflances as true 
emulfions, whofe conftituent principles vary in their propor- 
tions. 

The gum refins are partly foluble in water, and partly in 
alcohol. 

One character of gum refins is, that they render water turbid 
in which they are boiled. 

This clafs is fufficiently numerous : but we fhall only treat of 
the principal fpecies, and more efpecially thofe which are ufed 
in medicine. 

1. Olibanum, or frankincenfe, is a gum refin, in tears of a 
yellowifh white colour and tranfparent. Two kinds are known 
in trade : the male incenfe, in fmall very pure tears ; and the fe- 
male incenfe, in large and impure tears. 

The tree which affords it is not known. Some authors fup- 
pofe it to be the cedar with cyprefs leaves. 

Olibanum contains three parts of refinous matter, and one 
of extrac"t. When it is boiled in water, the folution is white 
and turbid, like that of all the juices of this clafs. When it is 
frefh, it affords a quantity of volatile oil. 

Olibanum is ufed in medicine as a refolvent. But its chief 
ufe is in our temples, where it has been adopted as one of the 
inftruments of worfhip of the Divinity. 

Ir is ufed in hoipitals, to dif^uife the fmell of the putrid air 
which is exhaled. JVJ. Achard has proved that this proceeding 



44& ieammony. Gum CutU. 

has no other effect than that of deceiving the fenfe of frncH- 
ing. 

2. Scammony is of a blackifh grey colour, a bitter and acrid 
tafte, and a ftrong naufeous fmell. 

Two varieties are met with in commerce ; one of which 
comes from Aleppo, and the other from Smyrna. The firlt is 
paler, lighter, and more pure ; the fecond is black, heavy, and 
mixed with foreign fubftances. 

It is extracted from the convulvulus fcammonia, principally 
from the root. For this purpofe incifions are made at the head 
of the root : it is collected in mufcle fhells. But mod of that 
met with in trade is obtained from the roots by expreflion. 

From the refults of the analyfis of GeofFroy and Cartheufer, 
it appears that the proportion of the component parts varies in 
the different fpecimens examined. The latter obtained near one 
half of extract, whereas the former only one fixth. 

Scammotty is ufed in medicine as a purgative, in the dofe of 
feveral grains. When triturated with fugar and almonds, it 
forms a very agreeable purgative emulfion. When foftened by 
a mixture of the juice of liquorice, or of wild quinces, it forms 
the diagredium. 

3. Gum guttse has a reddifh yellow colour : it has no fmell, 
but its tafte is acrid and caultick. Gum guttas was brought to 
Clullus in 1630. It comes from the kingdom of Siam, from, 
China, and from the ifland of Ceylon, in cjdinders of various 
fizes. The tree which affords it is called Coddam Pulli. Her- 
man reports, from his own obfervation as an eye witnefs, that a 
milky and yellowifh juice flows from incifions made in thefe 
trees ; that this juice becomes thick by the heat of the fun ; and 
that, when it is in a ftate fit to be handled, it is formed into 
large globular mafTes. 

GeofFroy has extracted five fixths of refm from gum guttje. 
Cartheufer has afcribed to it more extractive than refinous mat- 
ter. 

Gum guttse is fometimes ufed as a purgative, in a dofe of a 
few grains. But the principal ufe of this fubftance is in paint- 
ing, where it is recommended by the beauty of its colour. 

4. Afia fcetida is met with in tears of a yellowifh white col- 
our ; but moft commonly in the form of loaves formed by the 
aggregation of a number of the tears. It has an acrid and bit- 
ter tafte, and its fmell is one of the moft diiagreeable. 

The plant which it affords is called Ferula AfTa Fcetida. 

This plant grows in Pcrfia : and the juice of its root is ob- 
tained by exprefhon, according to Kaempfer. It is fluid and 
white when it ifTues from the plant, and it emits an abominable 
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fmell when recent. This juice lofes its fmell, and becomes col- 
oured, as it dries. But it itill preferves fmell enough to entitle 
it to the name of Stercus Diaboli. 

The Indians find its flavour agreeable ; they ufe it for feafon- 
ing, and call it the food of%thegods : a proof which evinces, be- 
yond every argument, that taftes mull not be difputed. 

Cartheufer found it to contain one third of refin. 

It is a folvent and difcutient remedy ; and more particularly 
valuable as a moPt powerful antihyfterick. 

5. Aloes is a juice of a red brown colour, and very confider- 
able bitternefs. Three fpecies are diftinguifhed — the foccotrine 
aloes, the hepatick aloes, and the coballine aloes ; they differ 
only in their degree of purity. M. de Juffieu, who faw thefe 
three varieties prepared at Morviedro in Spain, allures us that 
they are all obtained from the aloe vulgaris. The firft va- 
riety is obtained by making incifions in the leaves. Time 
is allowed for its impurities to fubfide perfectly. The fluid is 
fhen decanted from the dregs, and left to become thick : after 
•which it is put into leathern facks for fale, under the name of 
Soccotrine aloes. A juice of the fame nature is obtained by 
expreflion from the fame leaves, which, when clarified in the 
fame manner, forms the hepatick aloes : and the coballine aloes 
is obtained by a ilronger preflure. 

The Soccotrine aloes contains no more than one eighth of 
refin, according to Boulduck. The hepatick aloes contains half 
its weight. 

Aloes is very much ufed in medicine as a purgative, tonick, 
alterative, and vermifuge. 

6. Gum ammoniack is fometimes met with in fmall tears, 
white within, and yellow without. But they are often united 
in the mafs, refembling the benzoe arnygdaloides. 

Its fmell is fetid ; and its tafte acrid, bitter, and rather naufeous. 

This juice comes from the defarts of Africa, and the plant 
which affords it is unknown : it is prefumed to be of the clafs 
of umbelliferous plants, from the figure of the feeds found in it. 

Gum ammoniack is very much ufed in medicine. It is a very 
good alterative ; and is given in pills, incorporated with fugar, 
or in fome extract. It may even be diflblved or diffufed in wa- 
ter ; this liquid becomes turbid, and of a yellowifh white. Gum 
ammoniack enters into the compofition of all difcuffive platters. 

. Concerning Caoutchouck, or Elaftick Gum. 

Elaftick Gum is one of thofe fubftances which it is difficult 
to clafs. It burns like refins ; but its foftnefs, its elafticity, and 
its infolubility in the menftruums which ufually diflblve refins, 
«to not allow us to clafs it among thofe bodies. 
3...I 
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The tree which affords it is known by the name of Seringa 
by the Indians of Para. The inhabitants of the province of Ef- 
meralclas, a province of Quito, call it Hhava ; and thofe of the 
province of Mainas, Caoutchouck. 

Mr. Richard has proved that this tree is of the family of the 
euphorbia ; and Mr. Dorthes has obferved, that the coccus which 
are covered with a down that refembles fmall draws, were cov- 
ered with a gum very much refembling the elaflick gum. Thefe- 
infects feed on the euphorbium ; but thofe which come from 
other fituations afford the fame juiee. 

We are indebted to Mr. Condamine for an account, and ac- 
curate details, concerning this tree. (Acad, des Sciences 1751.) 
This academician informs us, after M. Frefuau, engineer at 
Cayenne, that the caoutchouck is a very lofty tree. Incifions are 
made in the bark ; and the white juice, which flows out in a 
more or lefs liquid flate, is received in a veffel placed for that 
purpofe. This is applied in fuccefhve coatings upon a mould of 
clay, and dried by the fire, or in the fun. All forts of dehgrfc 
are traced upon it while foft \ and, when it is dry, the clay 
mould is crufhed, and the pieces fhaken out. 

This gum is very elafiiick, and capable of great extenfion. 
When elaflick gum is expofed to the fire, it becomes foft, 
fwells up, and burns with a white flame. It is ufed for illumi- 
nation inftead of candles at Cayenne. 

It is not at all foluble either in water or alcohol. But Mac- 
quer has allured us that ether is its true folvent ; and upon this 
property he has inftituted the art of making bougies for chirur- 
gical ufes of elaflick gum, by applying this folution upon a 
mould of wax till it is of the requisite thicknefs. 

Mr. Bernaird, to whom we are indebted for important obfer- 
vations upon this fubflance, found only the nitrick ether to dif- 
folve elaflick gum. Very pure fulphurick ether did not per- 
ceptibly act upon it. 

If elaflick gum be put in contact with a volatile oil, fuch as 
that of turpentine, or even if it be expofed to the vapour of that 
fluid, it fwells, foftens, and becomes very pafly. It may then 
be foread upon paper, or applied as a varnifh to cloth ; but this 
covering preferves its adhefive quality, and does not lofe it for a 
long time. The mixture of volatile oil and alcohol forms a 
better folvent than the pure oil, and the varnifh dries more 
fpeedily. 

Mr. Bernaird has concluded from his experiments that the 

elaflick gum is a fat oil, coloured by a matter foluble in alcohol, 

and foiled by the fmoke to which the gum is expofed in drying, 

If linfeed oil be rendered very drying by digefling it upon the 

oxides of lead, and it be afterwards applied with a fmall brufli 
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upon any furface, and dried by the fun or in the fmoke, it af- 
fords a pellicle of a confiderable degree of firmnefs, evidently 
tranfparent, burning like the elaliick gum, and wonderfully 
elaftick and extenfible. If this very drying oil be left in a wide 
Shallow vefTel, the furface becomes thick, and forms a membrane 
which has the greateft analogy with the elaftick gum. A pound 
of this oil fpread upon a ftone, and expofed to the air for fix or 
feven months, acquired almoft all the properties of elaftick 
gum. It was ufed to make catheters and bougies 5 was applied 
to varnilh balloons, &c. 

Some gum refins are cleared by art of their extractive princi- 
ple for the purpofe of applying them to various ufes. Such is 
the intention of the procefs ufed to make bird-lime. This is 
made from different fubftances, as the berries of mifletoe, the 
fruit of the febeften, &c. Bur the beft is made of the hollyoak. 
Thefe trees are peeled in the month of June or July : the outer 
bark is rejected, and the fecond is boiled in fpring water for 
feven or eight hours. It is then made into molaffes, which are 
■buried in the ground, and covered with ftones, for feveral layers 
one over the other. After having previoufly drained off the 
moifture, they are fuffered to ferment for fifteen days, until the 
matter has acquired the adhefive confidence of pafte. The 
mafs is then beaten till it becomes capable of being wrought 
with the hands, or kneaded ; after which it is wafhed in a run- 
ning ftream. Laltly, it is placed for three or four days in 
another vefTel, that it may throw up its fkum or impurities ; in 
which latl ftate it is put into proper veffels, and kept for ufe. 

The following compofitiou is likewife made ufe of under the 
name of bird-lime. Take one pound of bird-lime, one pound 
of goofe-greafe ; add to this one ounce of vinegar, half an ounce 
of oil, and the fame quantity of turpentine. Boil the mixture 
for feveral minutes, and heat the mafs when you are defirous of 
ufing it as a cement. It may be prevented from freezing in 
winter, by adding a fmall quantity of petroleum. 

Concerning Varnifh. 

The Pere d'Incarville has informed us that the tree which af- 
fords the Varnifh of China is called Pfi-chou by the Chinefe. 
This tree is propagated by off-fets. When the cultivator is de- 
firous of planting this, he takes a branch, which he wraps up ia 
a mafs of earth, by means of flax. Care is taken to moiften 
this earth ; the branch pulhes out roots, and is then pruned and 
tranfplanted. This tree grows to the fize of a man's leg. 
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This varnifh is drawn in fpring. If it be a cultivated tree, 
it affords three gatherings. It is extruded by incifions made in 
the fpring ; and when the varnifh which is received in (hells does 
pot flow, feveral hog's briftles, moiftened with water or fpittle 
are introduced into the wound, and caufe it to run. When the 
tree is exhaufted, the uppar part of it is wrapped in draw, which 
is fet on fire, and caufes the varnifh to precipitate to the bottom 
of the tree, where it flows out of perforations made for that 
purpofe. 

Thofe who collect the varnifh fet out before day-break, and 

}:>lace their fhells beneath the apertures. The fhells are not left 
onger than three hours in their place, becaufe the heat of the 
fun would evaporate the varnifh. 

The varnifh emits a fmell which the workmen are very care- 
ful to avoid refpiring. It produces an effect which they call the 
bud of the varnifh. 

"When the varnifh iffues from the tree, it refemhles pitch. 
By expofure to the air it naturally becomes coloured, and is at 
laft of a beautiful black. 

The juice which flows from incifions made in the trunk and 
branches of the thus toxicodendron, poffeffes the fame proper- 
ties. The tree that grows in our climates affords a white mil- 
ky fluid, which becomes black and thick by the contact 
of the air ; its colour is the moft beautiful black : and 
it would be eafy to introduce this valuable fpecies of induftry 
into the kingdom, becaufe the tree grows wonderfully well in 
all climates, and refills the cold of the winter. 

To make the Varnifh bright, it is evaporated by the fun ; and 
a body is given to it with hog's gall, and the fulphate of iron, or 
martial vitriol. 

The Chinefe ufe the oil of tea, which they render drying by 
boiling it with orpiment, realgar, and arfenick. 

The varnilhes moft ufed in the arts have all of them the refins 
for their bafe ; and the fundamental facts in this valuable art 
are reducihleto the following principles. 

To varnifh any fubftance, confifts in applying upon its fur- 
face a covering of fuch a nature, as fhall defend it from the, in- 
fluence of the air, and give it a mining appearance. 

A coat of varnifh ought therefore to poflefs the following 
properties : — i. It mufl exclude the action of air ; becaufe wood 
and metals are va,rnifhed to defend them from decay and ruft : 
2. It muft refift water ; for ctherwife the effect of the varnifh 
could not be permanent. 3. It ought not to alter fuch colours 
as* are intended {o be preferved by this means. 



Art of Tar tiffing. Fecul*. 45^ 

It Is necefTary therefore that a varnifh fhould be eafily extend- 
ed or fpread over the furface, without leaving pores or cavities; 
that it fhould not crack or fcale ; and that it fhould refift water. 
Now refins are the only bodies that pofiefs thefe properties. 

Refins confequently mult be ufed as the bafes of varnifh. 
The queftion which of courfe prefents itfelf muft then be, how- 
to dilpofe them for this ufe ; and for this purpofe they muft be 
difTolved, as minutely divided as poffible, and combined in fuch 
a manner that the imperfections of thofe which might be difpo- 
fed to fcale, may be corrected by others. 

Refins may be difTolved by three agents — 1. By fixed oil. 2. 
By volatile oil. 3. By alcohol. And, accordingly, we have 
three kinds of varnifh, the fat or oily varnifh, eflential varnifh, 
and fpirit varnifh. 

Before a refin is difTolved in fixed oil, it is necefTary to render 
the oil drying. For this purpofe the oil is boiled with metaliick 
oxides •, in which operation the mucilage of the oil combines 
with the metal, while the oil itfelf unites with the oxigene of the 
oxide. To accelerate the drying of this varnifh, it is necefTary 
to add oil of turpentine. 

The eflential varnifhes confift of a folution of refin in oil of 
turpentine. The varnifh being applied, the eflential oil flies off", 
and leaves the refin. This is ufed only for paintings. 

When refins are difTolved in alcohol, the varnifh dries very 
fpeedily, and is fubjecl: to crack ; but this fault is corrected by 
adding a fmall quantity of turpentine to the mixture, which ren- 
ders it brighter, and lefs brittle when dry. 

The coloured refins or gums, fuch as gum guttx, dragon's 
blood, &c. are ufed to colour varnifhes. 

To give luftre to the varnifh after it is laid on, it is rubbed 
with pounded pumice ftone and water ; which being dried with 
a cloth, the work is afterwards rubbed with an oiled rag and 
tripoli. The furface is laft of all cleaned with foft linen cloths, 
cleared of all greafinefs with powder of lUrch, and rubbed 
bright with the palm of the hand. 



ARTICLE VI. 

Concerning the Fecula of Vegetables. 

The fecula appears to be only a flight alteration of mucilage j 
for it differs from that fubftance'iu no other refpect than in be- 
ing infoluble in cold water, in which liquid it falls with wonder- 
ful quickneu If u, be put into hot water, it forms a mucilage, 
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and refumes all its characters. It feems that the fecula is urn- 
ply a mucilage deprived of calorick. In fact a young plant is 
all mucilage j the old plants and fruits afford little fecula, be- 
caufe the heat is ftronger in young than in old plants, according 
to Dr. Hunter. 

There are few plants which dp not contain fecula. Mr. 
Parmentier has given us a lift of all thofe which afford it, in 
his experiments. (See his Recherches fur les VegeteauxNourif- 
fans.) But the feeds of gramineous and leguminous vegetables, 
as well as the roots, which botanifts call Tuberofe, contain it 
raoft plentifully. 

Nothing more is required, in order to extract the fecula, than 
to bruife or grind the plant in water ; and the fecula which is 
at firft fufpended in that fluid, foon falls to the bottom. We 
(hall not in this place attend to any other fecula but fuch as are 
ufed in the arts or in medicine. Such are thofe of bryony, of 
potatoes, caffava, fago, falep, ftarch, &c. 

i. The fecula of bryony is extracted from the root of that 
plant. The bark is firft taken off from the root, which is then 
rafped, and fubmitted to the prefs. The juice which flows out 
by expreflion is rendered white and opaque by a fecula which 
fubfides. The liquid is then decanted off, and the fecula dried. 
It is ftrongly purgative, on account of a portion of extract 
which it retains \ but it may be deprived of its purgative virtue 
by careful wafhing in water. If water be poured on the marc 
which remains beneath the prefs, a large quantity is obtained 
which is not purgative, becaufe the extractive matter was forced 
out by the firft operation. Mr. Baume has propofed to fubfti- 
tute this fecula inftead of ftarch. The fecula is afforded by 
fimilar treatment of the roots of corn-flag and arum. 

2. That which is generally known by the name of potatoe 
flour, is nothing but the fecula of this root obtained by ordinary 
and eafy proceffes. The root being well wafhed, it is pounded 
or crufhed in fuch a manner as perfectly to deftroy its texture. 
The pulp is then put into a fieve, and water poured on it, which 
carries off the fecula, and. depofites it at the bottom of the re- 
ceiving veffel. The water, which is coloured by extractive mat- 
ter, and part of the parenchyma that remains fufpended, is de- 
canted off, and the depofition is wafhed feveral times. The 
colour of the fecula grows whiter as it dries \ and when dry it 
is very white and fine. 

As this fecula has become an article of common ufe for fome 
time paft, feveral initruments have been contrived which are 
more or lefs fuited to bruife the potatoes. Rafps have been 
propofed turning in cylinders, mills armed with points of iron, 
&c. 
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3. The caflava of the Americans is extracted from the roots 
©f the maniock. This plant contains an acrid and very danger- 
ous poifon, of which it muft be very carefully deprived. The 
Americans take the frefh root of maniock, which they peel, rafp, 
and inclofe in a bag or fack formed of rufhes, and of a very open 
texture. This bag is fufpended from a fhff; and a very heavy 
veflel is fattened to its lower part, which draws the bag down, 
fo as in ibme meafure to comprefs the root, at the fame 
time that it receives the juice as it flows out. The juice is a 
mod dreadful poifon. When the root is well cleared of the 
juice, it is put into the fame bags, and expofed to dry in the 
fmoke. The fifted root is called Caflava. To convert it into 
food, it is fpread out on a hot brick, or plate of iron ; and 
when the furface which refts immediately on the brick is of a 
reddifh brown colour, it is turned, to bake the other fide j ami 
in this ftate it forms what is called Caflava bread. 

The expreffed juice carries with it the fineft part of the fecufa 
which quickly fubfides ; and this fecula, known by the name of 
Mouchafle, is ufed to makepaftry. 

The poffonous exrracl; which mod of thefe roots that abound 
in fecula contain, ought to engage thofe who prepare them to be 
uncommonly attentive to the due management of the procefs. 
"Without the moft fcrupulous care the mod unhappy confluen- 
ces may follow. It fhould always be recolle&ed, in the prepar- 
ation of thefe fubflances, that the poifon is in contact with the 
food. 

4. A fecula has likewife been appropriated to domeftick ufes 
which is extracted from the pith of feveral farinaceous palms, 
2nd is known by the name of Sago. This preparation is made 
in the Molucca Iflands. The pith of middle aged palms is only 
ufed \ for the young, as well as the old, afford very little fecu- 
la. This pith is mixed with water ; and the fecula which is 
extracted, and renders the fluid white, is differed to fubfide. 
When the fecula is dried, it forms fmall grains ; which, when 
reduced to powder, and mixed with warm water, affords a very 
nourifhing pulp or mucilage. 

M. Parmenticr has propofed to make fago out of potatoes ; 
in confequence of his idea that all fecuheare abfolutely identi- 
cal, and that this principle is one and the fame in nature. For 
this purpofc he propofes to add a fpoonful of the fecula of pota- 
toes gradually to a chopin, or half a pint, of hot water or milk, 
to be kept ttirring over a gentle fire for half an hour. Sttgaf 
may be added, with aromaticks or fpices, fuch as cinnamon, lem- 
on peel, faffron, orange flower water, rofe- water, &c. 
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The fago of potatoes may likewife be prepared with vea( 
broth, chicken broth, or common broth. The preparation may- 
be varied in a thou {"and ways, and it forms a very wholefome 
and nourifhing food. 

5. The bulbs of all the kinds of orchis may be ufed to make 
falep. All that is required to be done confifts in depriving them 
of the extractive principle, and drying the refidue which be- 
comes tranfparent by this operation. 

In order to dry them more fpeedily, they are ftrung, and hung 
up ; or otherwise it is thought fuflicient to rub thefe bulbs in 
water either hot or cold, and to dry them in an oven. This 
lait proeefs was communicated to Dr. Percival by Mr. John 
Moult. 

The fecula of falep, pulverized, and combined with water, 
forms a very nourifhing jelly. 

6. The fecula is likewife one of the conftituent principles of 
the feeds of gramineous plants ; and when thefe have been ground 
and reduced into farina, nothing more is required than to mix 
them with water, in order to precipitate the fecula. But anoth- 
er proeefs for procuring it is ufed in the arts ; it confifts in de- 
ftroying by fermentation the extractive and glutinous part with 
■which it is intimately united ; and in this confifts the art of ma- 
king ftarch. The proeefs of the ft arch -maker confifta in fer- 
menting grain, pollard, damaged flour, &c. in the acid water 
which they call eaufure. When the fermentation is ended, they 
take out the fecula, which is precipitated to the bottom of the 
water, and put it into hair* facks. Frelh water is poured upon 
this, which carries the finer fecula with it ; and this being fev- 
eral times wafhed, conftitutes ftarch, cleared of every foreign 
principle. 

There are likewife coloured feculse, fuch as indigo, which we 
{hall treat of when we come to the article dying. 
The ufes of feculse are very numerous. 
1. They conftitute a very nouri thing food, because the nutri- 
tive virtue of gramineous vegetables refides in them. Thofe 
feeds which man Jhas appropriated for his food, contain much \ 
and thefe feculas form a very nourifhing jelly with hot water. 
It may be feen, in the work of Mr. Parmentier, that this is truly 
the mod fuitable nourifhment for man. Some of thefe are e- 
ven entirely devoted to this purpofe, fuch as the cafiava. 

In the northern climates, the lichens form almoft the whole 
of the food of man, and fuch animals as are not carnivorous; 
and thefe lichens, according to the experiments of the Academy 
of Stockholm, afford an excellent ftarch by fimple grinding. 
The rein-deer, the flags, and the other fallow cattle of the 
north of Europe; fublift on the lichen rangiferinus. The Ice- 
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landers obtain a very delicate gruel with fecula of the lichen Icc- 
landicus. 

2. Starch boiled in water, and coloured with a fmall quantity 
of azure, forms a pafte which is ufed to give biightnefs, firm- 
nefs, ftrength and an agreeable colour to linen. 

The feculas are alfo ufed to make hair powder ; and this con- 
fumption, which is prodigious, might be fupplied by ftarch 
made from lefs valuable plants than the gramineous ; and, if this 
were done, the obje&s of luxury would not enter into competi- 
tion with our immediate wants. 

ARTICLE VII. 

Concerning the Vegetable Gluten. 

The glutinous principle, which on account of its properties 
refembling thofe of animal fubftances, has been called, the Veg- 
eto- Animal fubftance by fome chemifts, is more particularly ob- 
tained from gramineous vegetables. We are indebted to Bec- 
cari for the difcovery of this fubftance ; and the analyfis of far- 
inaceous fubftances has fince been enriched with various impor- 
tant facts. 

To make the analyfis of any farina, the methods employed 
are fuch as are fimple, and incapable of decompofing or alter- 
ing any of its conftituent parts. A pafte is formed with the 
flour and water ; and this is kneaded and wrought in the hands 
under water, till it no longer communicates any colour to that; 
fluid. The fubftance which then remains in the hand is tena- 
cious, ductile, and very elaflick ; and becomes more and more 
ndhefive, in proportion as the water which it had imbibed flies 
off by evaporation. In this fame operation the fecula falls to 
the bottom of the water ; while the extractive matter remains 
in folution, and may be concentrated by evaporation of the 
fluid. , ' 

If the glutinous»matter be ftretched out, and then let go. it 
returns by fpontaneous contraction to its original form. If in 
be left fufpended, it becomes extended by its weight ; and forms 
a very thin tranfparent membrane, which exhibits a kind of net- 
work, refembling the texture of the membranes of animals. 

M. Beccari has ebferved that the proportion of glutinous mat- 
ter varies prodigiouuy in the feveral feeds of gramineous vege- 
tables. Thofe of wheat contain the lajrgeft quantitv ; but he 
never found it in the garden fluff or plants which are ufed by 
us for food. The quantity of glutinous matter alfo varies in the 
fame kind of grain, according to the nature of the foil which 
lias fupporttrd it. Humid fixations afford fcarcely any 
3...K 
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The glutinous matter emits a very charafteriftick animal fmetl. 
Its tafte is infinid ; it fwells up upon hot coals ; becomas fodft 
and perfectly dry in a dry air, or by a gentle heat ; in which 
ftatc it refembles due, and breaks fhort like that fubftance. If 
in this ftatc it be placed upon burning coals, it curls up, is agi- 
tated, and burns like an animal fubftance. By diftillation it af- 
fords the carbonate of ammoniack. 

Trefh-made gluten, expofed to the air, readily putrefies ; and 
when it has retained a fmall quantity of ftarch, this laft paffes 
to the acid fermentation, and retards the putrefaction of the 
gluten : and in this way a ftate is produced refembling that of 
cheefe. 

Water does not attack the glutinous part. If it be boiled 
with this fluid, it loles its extenfibility and adhefive quality ; a 
circumftance fo much the more remarkable, as it was indebted 
to that fluid for the developement of thefe qualities ; for this 
principle exifted without coheiion in the flour •, and when if is 
deprived of water by drying, it alfo lofes its elafticity and gluti- 
nous quality. 

Alkalis diilblve it, by the afiiitance of a boiling heat. The fo- 
lution is turbid ; and depofites the gluten by the addition of 
acids, but deprived of its elafticity. 

The nitrick acid diflblves gluten with activity •, and this acid 
at firft emits the nitrogenous gas, as when treated with animal 
fubftances. This is followed by an emiflion of nitrous gas ; and 
the refidue, by evaporation, atfo ds the oxalick acid in cryftal*. 

The fulphurick and muriatick acids Iikewife difTolve it. M. 
Poulletier has obferved, that falts with bafe of ammoniack may be 
obtained from thefe combinations didblved in water or alcohol, 
and evaporated in the open air. 

If the gluten be diffblved in the vegetable acids feveral times 
repeatedly, and precipitated by alkalis, it is reftored to the ftate 
of fecula : and according to Macquer, if" vinegar be diftilled by 
a gentle heat from this fubftance, it is reduced to the ftate of 
mucilage. 

This fubftance therefore poiTefles a very decided animal char- 
acter. It is to this gluten that wheat owes its property of mak- 
ing a good pafte with water, and the facility with which itrifes. 
Rouelle discovered a glutinous fubftance analagous to the pref- 
ent in the green fecula of plants/ which afforded ammoniack, 
and empyreumatick oil, by diftillation. The exprefTed juice of 
the herbaceous plants Iikewife afforded it ; fuch as that of bo- 
rage, hemlock, forrcl, &c. 

The Gluten is fomctimes deftroyed by the fermentation of 
flour ; by which change it is deprived of the whole-fome quali- 
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tics it before poffeffed, and is incapable of rifing, and forming 
good bread. 

Ferina, or flour, is therefore c'ompofed of three principles — 
the amylaceous principle, or ftajrch ; the faccharine principle ; 
and the animal or glutinous principle. Whenever therefore, 
by a fuitable divifiqn, thefe principles are mixed together, and 
the fermentation is aflifted by the known methods, each of 
thiefe principles being capable of a different kind of fermentation, 
becomes depofed in its own peculiar manner. The faccharine 
principle undergoes the fpirituous fermentation : and the amyl- 
aceous is changed by the acid fermentation. The panary fer- 
mentation may therefore be confidered as an union of thefe three 
different fpontaneous changes. But as foon as the leading phe- 
nomena of the fermentation are well developed ; and the prin- 
ciples, already well mixed and affimilated, have by this means 
fuffered a change of their refpeclive natures ; the fermentation 
is Hopped by baking : and the bread is found to be much lighter 
in confequence of thefe preliminary operations. 

The art of making bread was not known at Rome until the 
year 58$. The Roman armies, on their return from Macedo- 
nia ; brought Grecian bakers into Italy. Before this time the 
Romans prepared their flour in no other way than by making 
it into pap or foft pudding \ for which reafon the Romans, ac- 
cording to Pliny, were called eaters of Pap.* 5ee Aubery. 



ARTICLE VIII. 

Concerning Sugar. 

Sugar is likewife a conftituent part of vegetables, exifting in 
confiderable quantities in a number of plants. It is afforded by 
the maple, the birch, wheat and turkey corn. Margraff ob- 
tained it from the roots of beet, red beet, fkirret, parfnips, and 
dried grapes. The procefs of this chemift confided in digefting 
thefe roots, rafped or finely divided, in alcohol. This fluid dif- 
folves the fugnr ; and leaves the extractive matter untouched, 
which falls to the bottom. 

In Canada the inhabitants extract fugar from the maple (acer 
montanum candidum.) At the commencement of fpring they 
heap fnow in the evening at the foot of the tree, in which they 
previoufly make apertures for the paffage of the returning fap. 

* Pulte autem non pane, vixiffe longo tempore Romanos manifeftuTn 
quonium inde et Pulmentaria hodieque dicuntur. PJin. Hift. Nat. ib 
jtviii. cap. viii, et xi.— The date is 580 ab urbe condica. T. 
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Twd hundred pounds of this juice afford by evaporation fifteen 
of a brownilh lugar. The quantity prepared annually amounts 
to fifteen thoufand weight. 

The Indians likewife extract fugar from the pith of the 
bamboo. 

But the fugar which is fo univerfally ufed is afforded by the 
fugar cane (arunda faccharifera) which is raifed in our colonies. 
When this plant is ripe, it is cut down, and cruflied by paffing 
it between iron cylinders, placed perpendicularly, and moved 
by water or animal ffrength. The juice which flows out by 
this ftrong preffure is received in a (hallow trough placed be- 
neath the cylinder. This juice is called vefou ; and the cane, 
after having undergone this preffure, is called begaffe.* The 
juice is more or lefs faccharine, according to the nature of the 
foil on which the cane has grown, and the weather that has pre- 
dominated during its growth. , It is aqueous when the foil or 
the weather has been humid ; and in contrary circumftances it 
is thick and glutinous. 

The juice of the cane is conveyed into boilers, where it is 
boiled with wood allies and lime. It is fubje&ed to the fame 
operation in three feveral boilers, care being taken to remove 
the Ikum as it rifes. In this Hate it is called Syrup ; and is a- ' 
gain boiled with lime and alum till it is fufnciently concentrated, 
when it is poured into a veflel called the Cooler. In this veffel 
it is agitated with wooden fiirrers, which break the cruft as it 
forms on the furface. It is afterwards poured into calks, to ac-t 
celerate its cooling ; and, while it is Hill warm, it is conveyed 
into barrels Handing upright over a cillern, and pierced through 
their bottom with feveral holes Hopped with cane. The fyrup 
which is not condenfed filters through thefe canes into the cif- 
tern beneath; and leaves the fugar in the ftate called Coarfe 
Sugar, or Mufcovado. This fugar is yellow and fat, and is pu- 
rified in the iflands in the following manner : — The fyrup is 
boiled, and poured into conical earthen veffels, having a fmall 
perforation at the apex, which is kept clofed. Each cone, re- 
verfed on its apex, is fupported in another earthen veffel. The 
p is ilirred together, and then left to crvftallize. At the 
end of fifteen or fixteen hours, the hole in the point of each 
cone ir, opened, that the impure fyrup may run out. The bafe 
of thefe fugar loaves is then taken out, and white pulverized fu- 
gar fubftituted in its Head ; which being well preffed down, the 
whole is covered with clay, moiHened with water. This water 
filters through the rnafs, carrying the fyrup with it which was 

* Thefe are the nanus in the French fugar colonics. I i\o not find the 
i, . fpondicg terms in any of our writers. T, 
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mixed with the fugar, but which by this management flows in- 
to a pot fubflituted in the place of the firft. This fecond fluid 
Is called Fine Syrup. Care is taken to moiften and keep the 
clay to a proper degree of foftnefs, as it becomes dry. The 
fugar loaves are afterwards taken out, and dried in a (love 
for eight or ten days ; after which they are pulverized, packed 
and exported to Europe, where they are ftill farther puri- 
fied. 

The operation of our fugar refiners confifts in diflblving caf- 
fonade, or clayed fugar, in lime-water. Bullock's blood is ad- 
ded, to promote the clarifying ; and when the liquor begins to 
boil, the heat is diminifhed, and the flcum carefully taken off*. 
It is in the next place concentrated by a brifk heat •, and, as it 
boils up, a fmall quantity of butter is thrown in, to moderate its 
agitation. When the boiling is fufficiently effected, the fire is 
put out ; the liquor is poured into moulds, and agitated, to mix 
the fyrup together with the grain fugar already formed. When 
the whole is cold, the moulds are opened, the loaves are covered 
with moiftened clay, which is renewed from time to time till 
the fugar is well cleared from its fyrup. The loaves being then 
taken out of the moulds, are carried to a ftove, where they are 
gradually heated to the fiftieth degree of Reaumur. 'lhey re- 
main in this ftove eight days, after which they are wrapped in 
blue paper for fale. 

The feveral fyrups, treated bv the fame methods, afford fu- 
gars of inferiour qualities ; and the laft portion, which no long- 
er affords any crvltals, is fold by the name of Melafles. The 
Spaniards ufe this melafles in the preparation of fweet- 
ments. 

A folution of fugnr, much lefs concentrated than that we have 
juft been fpeaking of, lets fall by repofe, cryftals which affeft the 
form of tetrahedral prifms, terminated by dihedral fummits, and 
known by the name of Sugar Candy. 

Sugar is very foluble in water •, it fwells up in the fire, be- 
comes black, and emits a peculiar fmell, known by the denomi- 
nation of the fmell of caromel. 

Sugar is very much ufed for domeftick purpofes. It confli- 

tutes the bafis of fyrups ; and is ufed at our tables to dilguife 

the four tafte of fruit and vegetable juices. It corrects the bit- 

fs of coffee ; and ferves as the vehicle in a great number of 

pharmaceutical preparations. 

Sugar is an excellent feed ; and it Is merely an old prejudice 
to fuppofe it produces worms in the bowels of children. 

It's now fevei ]nce the celebrated Bergmann taught 

|f 10 exrrsft a peculiar acid from fugar, by combining the oxi- 
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gene of the nitrick acid with one of its constituent principles. 
The difcovery of the acid of fugar was confined in a thefis. 
maintained at UpSal, the 13th or June, 1776, by M. ArvjdSon, 
under the presidency of Bexgmann. 

To make the acid of fugar, or oxalick acid, nine parts of th$ 
nitrick acid, with one of fugar, are put into a retort. A gen- 
tle heat is applied, to aSfift the action of the acid ; which is rap- 
idly decomposed upon the fugar, with the difengagement of a 
confiderable quantity of nitrous gas. When the decomposition 
iscompleted, the distillation is continued on a fand bath, till the 
refidue is fufficiently concentrated. It is then fuffered to cool ; 
and beautiful crystals are formed, which may be taken out, and 
have the figure of a tetrahedral pviSm terminating in a dihedral 
fummit. By a farther concentration of the liquor in which the 
acid has cryftalli/>.ed, more of thefe cryftals may be obtained. 
Thefe Several produces of cryftals are then to be diffolved in pure 
water, and again cryStallized, to Separate them from any admix- 
ture of nitrick acid that ma) adhere to them. This acid was 
formerly thought to be a modification of the nitrick acid ; and 
Bergmann was under the neceSTity of entering into a considera- 
ble detail of reaSoning, to remove every doubt on the Subject. 
But the knowledge we at prefent poflefs . refpeiting the constit- 
uent principles of the nitrick acid, and the great number of pjjg- 
tiomcna of this kind which it exhibits when made to act on va- 
rious fubftances, render it unneceSfai y for us to enter into this 
conGderation. 

Cold water diffolves halS its weight of this acid, and boiling 
water takes up its own weight. 

This acid, combined with pot-aSh, forms a fait in prifmatick, 
tiexahedral flattened rhomboidal cryibls, terminating in dihe- 
dral Summits. In order that crystallization may t?ke place, 
it is neceffary that one of the component parts Should be in ex- 
cefs. This fait is very Soluble in water. 

The fame acid forms with foda a fait which is very difficult 
to be brought to cryltallize, and which converts fyrup of violets 
to a green. 

This acid, poured upon ammoniack, affords by a flight evap- 
oration very beautiful tetrahedral priSmatick cryftals, termina- 
ting in dihedral Summits : one of whofc faces is larger than the 
other, fo that it occupies three angles of the extremity. See my 
Memoirs of Chemiftry. — This Salt is of great ufe in the analy- 
sis oS mineral waters. It iuitantly Shows the prefence of any 
fait with baSis of lime, becaufe the oxalate of lime is- infoluble 
in water. 
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The acid of fugar, or oxalick acid, attacks and diffolves mod 
of the metals : but its action upon the oxides is ftronger than 
upon the metals themfelves ; and it takes the oxides from their 
true folvents. In this way it is that it precipitates the iron from 
"a folution of the fulphate of iron, in a fubflance of the moft 
beautiful yellow colour, which may'be ufed in painting. 

It precipitates copper in the formof a white powder, which 
■becomes of a beautiful light green by drying. 
"Zinc is precipitated of a white colour. 
This add likewife precipitates mercury and filver, but not till 
•after feveral hours (landing. 

An account of the combinations of this acid with various ba- 
'fes may be feen in Bergmann's treatife. 

This acid may be extracted, by the acfion of nitrick acid 

from a number of vegetable fubflances, fuch as gums, honey, 

(larch, gluten, or alcohol •, and from feveral animal fubflances, 

according to the difcoveryof M. Berthollet, fuch as filk, wool, 

and lymph. 

M. de Morveau, who has made a very valuable feries of ex- 
periments on the acid of fugar, has proved that the whole of the 
'fugar does not enter into the formation of the acid, but only 
one of its principles ■, and he affirms that it is an attenuated oil 
which exifls in a variety of fubflances. 

Sincefit has been afcertained, from the experiments of Scheefe, 
Weftrumb, Hermfladt, and others, that the acid of the fait of 
forrel does not at all differ from that of fugar, they have been ac- 
cordingly confounded under the fame denomination ; and that 
fait which is known in commerce by the name of Salt of Soirei, 
is an acidulous oxalate of pot-afh. 

The fait of forrel is made in Switzerland, in the Hartz, in 
the forefts of Thuringia, in Swabia, and elfewhere. It is ex- 
tracted from the juice of the forrel called Alleluya. Juncker, 
Boerhaave, Margraff", and others, have defcribed the procefs u- 
fed for its extraction. The juice of forrel is expreffed, diluted 
with water, filtered, and evaporated to the confidence of cream. 
It is then covered with oil, to prevent its fermentation, and left 
in a cellar for fix months. 

According to M. Savary, fifty pounds of this plant afford five 
and twenty of juice, from which no more than two ounces and 
a half of the fait are obtained. Six parts of boiling water 
diflblve one of the fait. It appears to cryllallize in parallelopi- 
pedons, according to De Lille. 

MargrafF obferved that the nitrick acid, digefted upon fait of 
fonreh afforded nitre. 
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Calcareous earth has the property of difengaging the alkali ; 
and in this operation the carboniclc acid of the chalk unites with 
the alkali of the fait and forms a carbonate of por^alh. 

Salt of forrel unites with other bafes without yielding its own, 
fo that the refults are triple falts. See the Encyclopedic Meth- 
odique, torn. i. p. 200, 101. 

The pure oxalick acid may be obtained by diftillation of this 
fait, as Mr. Savary informs us ; or otherwife by depriving it of 
its alkali by means of fulphurick acid, and diftillation, according 
to Wiegleb's method : or otherwife by the procefs of Scheele, 
which confifts in faturating the excefs of acid, with ammoniack, 
and pouring the nitrate of. barytes into the folution. The nitrick 
acid then feizes the two alkalis, while the oxalick acid unites 
with the barytes, and falls down. The barytes is afterwards 
taken from its combination by the fulphurick acid, and leaves the 
oxalick acid difengaged. 

Scheele has likewife propofed another method of obtaining 
the pure oxalick acid. It confnts in diilblving the fait in water, 
and pouring in a folution of fait of faturn. A precipitate is 
formed ; and the fupernatant liquor contains the alkali of the 
fait of forrel, united with a portion of the vinegar. The precip- 
itate is then waflied, and fulphurick acid poured on, which 
unites with the lead : and, by filtering and evaporating, the ox- 
alick acid is obtained in cryftaij, fimilar to thofc of the acid of 
fu_2;ar. 

■Scheele has proved the identity of the acid of fait of forrel 
with that which is extracted from fugar. He diffolved the acid 
of fugar to faturation in cold water, and into this he very grad- 
ually poured a well-faturated folution of pot-alh. During the 
efl'ervefcence, he obferved that fmall tranfparent cryftals were 
formed, ivhich were found to be a true fait of forrel. 

Mr. Hoffman has proved that the juice and the cryflals of the 
berberris vulgaris contain the oxalick acid combined with pot- 
aih. And the celebrated Scheele has proved that the earth of 
rhubarb is a combination of the oxalick acid with lime. 



ARTICLE IX. 

Concerning the Vegetable Acids. 

The vegetable acids have been long confuiered to be weaker 
than the others ; and this opinion was adhered to until it w as 
obferved that the oxalick acid feized lime from the fuiphurick 
acid. The principal characters which may ferve to c'tablifh a 
line of diltiutlion between the vegetable acids and oilier.; are — 
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I. Their volatility ; for there are none which do not rife with 
n moderate heat. 2. Their property of leaving a coaly refidue 
after combuftionj and of emitting an empyreumatick fmell in 
burning. 3. The nature of their acidifiable bafe which is in 
general oily. 

But are all the vegetable acids identical in their nature ? And 
may they not be confidered as modifications of one and the fame 
acids ? 

If we depend on the principle laid down by the celebrated 
Monro, who confidevs no acids as identical but fuch as form ex- 
actly the fame falts with the fame bafe (Phil. Tranf. vol. lvii. p. 
479,) there will be no queftion but that all the known acids 
ought to be confidered as very different from each other. But 
this method of proceeding appears to me to be erroneous ; be- 
caufe in this cafe the various degrees of faturation of the fame 
principle with oxigene, would eltablifh various kinds of acids. 
The How or rapid combuftion of phofphorus caufes fufficient mod- 
ifications in the acid to afford different phofphorick falts, accord- 
ing to the Experiments of MefT. Sage and Lavoifier. But ought 
we on this account to admit of two fpecies of phofphorick acid ? 
By following the method of Monro, which is that of moft 
chemifts, we might multiply the vegetable acids to infinity ; but 
by collating the experiments of Hermftadt, Crell, Scheele, Wef- 
trumb, Berthollet, Lavoifier, &c. we may obferve that the veget- 
able acids are merely modifications of one or two primitive acids. 

1. Scheele obtained vinegar by treating fugar and gum with 
manganefe and the nitrick acid. He obferved that tartar had 
the fame effect or habitude as fugar in the folution of manga- 
nefe by the nitrick acids ; and that vinegar was found after the 
decompofition of ether. 

2. Mr. Crell, by boiling the refidue of nitrick alcohol (dulci- 
fied fpirit of nitre) with much nitrick acid, taking care to adapt 
vefiels to condenfe the vapour, and faturating what came over 
with alkali, obtained nitrate and the acetate of pot-afh. The 
latter being feparated by alcohol, gives out its vinegar by the 
ufual treatment. 

3. The fame chemift, by boiling the pure oxalick acid with 
twelve or fourteen parts of nitrick acid, obferved that the for- 
mer difappears ; and the receiver is found to contain nitrous 
acid, acetous acid, carbonick acid, and nitrogenous gas ; and in 
the retort there remains a little calcareous earth.* 

* There being an obvious overfight Th the author's paragraph, I have 
taken the liberty to reftore the pafiage from Crell's original. Journal de 
Phyf. Oft. 1785, quoted by Dr. Heddoes at the end of the Englifh Trani- 
huion of Scheele's EfTays. London, 17S9. T. 

3...L 



4^6 The Vegetable Adds. 

4. By faturating the refidue of nitrick alcohol with chalk, an 
infoluble fait is obtained ; which, treated with the fulphurick 
acid affords a true tartareous acid. 

5« By boiling one part of oxalick acid with one part and a 
half of manganefe, and a fufhcient quantity of nitrick acid, the 
manganefe is almolt totally diffolved, and vinegar with nitrous 
acid pafs into the receiver. 

6. By boiling tartareous acid and manganefe with the fulphu- 
rick acid, the manganefe is diffolved, and vinegar with fulphu- 
rick acid are obtained. 

7. By digefting for feveral months the tartareous acid and 
alcohol, the whole becomes changed into vinegar ; and the air 
of the veffels is found to confift of carbonick acid and nitrogene 
gas. 

From thefe fa£b Crcll concludes that the tartareous, oxal- 
ick, and acetous acids, are merely modifications of the fame 
acids. 

In the Journal de Phyfique for September 1 787, is inferred a 
memoir of M. Hermftadt on the converfion of the oxalick and 
tartareous acids into acetous acid. 

1. By caufing the oxigenated muriatick acid to pafs through 
very pure alcohol, ether is produced ; and the oxigenated acid 
refumes its character of ordinary muriatick acid. The ether by 
diftillation affords — 1. Ether. 2. Muriatick alcohol. 3. Vinegar 
mixed with regenerated muriatick acid. 

2. Nitrick acid diftilled, for feveral fucceffive times, from 
the oxalick and tartareous acids, converts them totally into ace- 
tous acid. 

3. Two parts of oxalick acid, three of fulphurick acid, and 
four of manganefe, mixed with one part and a half of water, 
and diftilled together, afford acetous acid, which requires to be 
recohobated and redifliiled to become very pure. 

4. If the fulphurick acid be boiled upon the oxalick or the 
tartareous acid, thefe two laft are not deftroyed, as Bergmann 
thought, but they are converted into acetous acid. It is prov- 
ed, by the experiments of M. Hermftadt, that the fulphureous 
acid in the receiver, when ether is made, is mixed with much 
acetous acid. 

It appears therefore to be proved that the tartareous, oxalick, 
and acetous acids differ from each other only in the proportion 
of oxigene. — In the above experiments the mineral acids are al- 
ways decompofed ; and, by faturating the radical with their ox- 
igene, they conltantly form the acetous acid. If the faturation 
be not exact, the refult is either oxalick or tartareous acid : 
which is ltill more proved by a fine experiment of M. Herm- 
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ftadt. If three parts of fuming nitrick acid be put into the pneu- 
:-naticlc apparatus, and a large jar be adapted, filled with water j 
if then one part of good alcohol be poured in, by a little at a 
time, the mixture will be heated every time a drop of the alcohol 
is let fall, and a great quantity of bubbles will rile into the re- 
ceiver. When the operation is ended, if care be taken to col- 
lect the gas, it will be found toconfift of nitrous gas, a fmall 
quantity of carbonick acid, and about a twelfth part of the ace- 
tous air of Prieftly. The refidue affords oxalick acid and ace- 
tous acid. The oxalick acid disappears if the operation be con- 
tinued ; ether is formed, and the acetous acid remains, and be- 
comes more in quantity. 

Mr. Hermftadt has likewife fucceeded in converting the ac- 
ids of tamarinds, of citrons, of marc of grapes, the juice of 
plums, apples, pears, goofeberries, berberries, forrel, and others 
into the oxalick, tartareous, and acetous acids. 

From all thefe experiments it appears, that the oxigene, com- 
bined with a principle of alcohol, forms the oxalick acid \ and 
that a more accurate faturation of this principle with oxigene 
forms the tartareous and acetous acids. 

M. Lavoifier has proved that the known vegetable acids do 
not differ from each other but in the proportion of hydrogens 
and carbone, and in their degree of oxigenation. 

I have proved (in the Memoirs of the academy of Sciences 
of Paris for the year 1786) that water impregnated with the gas 
difengaged from the juice of grapes in fermentation, pafTes the 
Hate of acetous acid. 

It apppears that the vegetable acids may be confidered in two 
very different points of view. Moft of them exifi in the plant 
itfelf ; but the properties and acid characters are difguifed by 
their combination with other principles, fuch as oils, earths, al- 
kalis, &c. On the other hand, feveral acids are extracted 
from vegetables, which did not exift in nature. In this cafe the 
plant contained only the radical, and the reagent with which it is 
treated affords the oxigene. 

The mere diflillation of moft vegetables is fufficient to devel- 
ope an acid, which was difguifed by oily, alkaline, or^earthy 
fubltances. 

I. The peculiar acid called the Pyro-mucilaginous acid, is 
afforded by diflillation by all plants which contain a iaccharine 
juice. 

For the preparation of this acid, the quantity of fugar intend- 
ed to be operated upon is put into a very capacious retort (the 
large fize being requifite, becaufe the matter fwells up), and a 
:■ fuffkiently ample to condenfe the vapour is adapted. 
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an aftonifhing quantity of carbonick acid and hydrogene gas 
are difengaged by the firft impreffion of the fire. A brown 
fluid remains in the receiver, mod of which confifts of a weak 
acid, colouring blue paper, and rendered dark by a portion of 
oil. The retort contains a fpongy coal. M. Schrickel advi- 
fes the rectification of the product of the firft diftillation from 
clay, in order to purify the acid : but M. de Morveau has re- 
di (tilled it without intermedium ; and the acid he obtained had 
only a ilight yellow tinge. Its fpecifick gravity was 1.0115, 
the thermometer (landing at twenty degrees. 

As this acid rifes at the fame temperature as water, it is not 
pollible to concentrate it by diftillation. But this purpofe may 
be effected by freezing j and in this manner it was that M. 
Schrickel prepared the acid he made ufe of to afcertain its com- 
binations. 

This acid exifls in all bodies capable of palling to the fpiritu- 
ous fermentation, while they contain only the radical of the ox- 
alickacid. The pyromucilaginous acid is combined in the vegr 
etable with oils in the faponaceous ftate. 

This concentrated acid has a very penetrating tafte. It 
flrongly reddens blue colours. If it be expofed to heat in open 
veffels, it is diffipated, and leaves only a brown fpot. If it be 
heated in clofed veffels, it leaves a more confiderable reftdue, of 
the nature of the coal of fugar. 

This acid fpeedily attacks the earthy and alkaline carbonates, 
and forms falts differing from the oxalates. According to Mr. 
.Schrickel, it diffolves gold. He affirms that he made the exper- 
iment in the prefence of Fred. Aug. Cartheufer. Lemery had 
afferted that the fpirit of honey poffeffed this property ; and this 
opinion is likewife fupported in the works of Depre, Etmuller, 
&c. Neumann oppofed the affertion ; and the experiments of 
M. de Morveau confirm thofe of this laft chemift. 

Silver is not attacked by the pyromucilaginous acid ; but 
mercury combines with it by virtue of a long digeftion. Con- 
fult de Morveau. 

Thitacid corrodes lead, and forms a very ftyptick fait in lo^ig 
crvftals. Wirh copper it forms a green folution. It partly 
diffolves tin, and affords green cryftals with iron. 

2- The denomination of the Pyroligneous Acid has been giv- 
en 10 the acid obtained by diftillation from wood. It has been 
long known that the hardeft woods afford an acid principle, mix- 
ed with an oil, which partly difguifes its properties ; but no 
one had directly attended to a determination of the habitudes of 
this acid, till M. Goettling published; in Crell's Annals tox 
j 779, a feries of refearches on the acid-cf wood, and the ether it 
affords. 
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M. de Morveau, to obtain this acid, diflilled fmall pieces of ve- 
ry dry beech in an iron retort, by a reverberatory furnace. He 
changes the receiver when the oil begins to rife, and reclines 
his product by a fecond diftillation. Fifty-five ounces of very 
dry chips afforded feventeen ounces of reclined acid, of an am- 
ber colour, not at all empyreumatick j whofe fpecifick gravity, 
compared with that of diflilled water, was as 49 : 48. 

This acid ftrongly reddens blue vegetable colours. One ounce 
required twenty-three ounces and a half of lime water for its 
complete faturation. 

It fupports the action of heat very well when it is engaged in 
^n alkaline bafe ; but by a ftrong heat it is burned, like all 
the vegetable acids. 

It does not precipitate martial folutions of a black colour. 

It unites with alkalis, earths, and metals. It does not give 
up lime or barytes to combine with cauftick alkalis. 

The action of the pyroligneous acid upon metallick fubftan- 
ces, and upon alumine, may be compared with that of the acet- 
ous acid, and appears to follow the fame order. 

This acid diffblves near twice its weight of the oxide of lead. 

3. The citrick acid. Lemon juice is in a difengaged flate in 
the fruit, and exhibits its acid properties without any prepara- 
tion. This acid is neverthelefs always mixed with a mucilagin- 
ous principle, capable of altering by fermentation. Mr. Geor- 
gius has defcribed, in the Memoirs of Stockholm for the year 
1775, a method of purifying this acid without changing its prop- 
erties. He fills a bottle with lemon juice, clofes it with a cork, 
and preferves it in a cellar. The acid was preferved for four 
years, without corrupting. The mucilaginous parts had fallen 
down in flocks ; and a folid cruft was formed beneath the cork, 
the acid itfelf having become as limpid as water. To de- 
phlegmate the acid, he expofes it to frofl ; and obferves that the 
temperature ought not to be too cold, becaufe in that cafe the 
whole would become folid j and though the acid would thaw 
the firft, it would always be productive of fome inconvenience. 
In order to concentrate it to better advantage, the ice mufl be 
feparated as it forms. The firft ice is taftelefs, and the laft is 
rather four ; and by this means the liquor is reduced to half. 
The acid thus concentrated is eight times as ftrong, two gros on- 
ly being required to faturate one gros of pot-afh. 

The citrick acid, when thus purified and concentrated, may 
be kept for feveral years in a bottle ; and ferves for all ufes, not 
excepting that of making lemonade. 

The chemifts in general who have examined the combinations 
of the citrick acidj have ufed it in its original fhte, embarrafled 
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with its mucilaginous principle. Such is the refult of the ex- 
periments of M. Wenzel, who obtained only gummy products. 
But M. de Morveau having faturated the purified acid with 
cryftals of pot-afh, found a non-deliquefcent fait at the end of a 
certain time. 

The combinations of this acid are little known. 

4. The malick acid. — This acid was announced by Scheele in 
1785, and publifhed in Creli's Annals. In order to obtain it, 
the juice of apples is faturated with alkali, and the acetous folu- 
tion of lead is poured in until it occafions no more precipitate. 
The precipitate is then edulcorated, and fulphurick acid poured 
on it until the liquor has acquired a frefh acid tafte, without any 
mixture of fweetnefs. The whole is then filtered, to feparate 
the fulphate of lead. This acid is very pure, always in the flu- 
id ftate, and cannot be rendered concrete. 

It unites with the three alkalis, and forms deliquefcent neu- 
tral falts. When faturated with lime, it affords fmall irregular 
cryftals, which are foluble only in boiling water. Its habitude 
with barytes is the fame as with lime. 

With alumine it forms a neutral fait of fparing folubility in 
water, and with magnefia a deliquefcent fait. 

It differs from the citrick acid — 1. Becaufe the citrick acid 
faturated with lime, and precipitated by the fulphurick acid, crys- 
tallizes ; whereas this is not cryflallizable. 2. The malick acid, 
treated with the nitrick acid, affords the oxaliclc acid ; the citrick 
does not alTord it. 3. The citrate of lime is almoft infolublein 
boiling water; the malate of lime is more foluble. 4. The mal- 
ick acid precipitates the, folutions of the nitrates of lead, of mer- 
cury, and of filver ; but the citrick acid produces no change. 
5. If the folutions of the nitrate of ammoniack, and malate of 
lime, be boiled together for an in flam, the latter fait is decom- 
pofed, and nitrate of lime falls down ; which proves that the 
affinity of the malick acid with lime is weaker than that of the 
nitrick. 

The celebrated Scheele, who has rendered us acquainted with 
this acid, has publifhed the following table of the fruits which 
afford this acid, either pure or mixed with other acids. 

The expreffed juices of the fruits of 

Berberries vulgaris, the barberry tree, ") 

Sambucus nigra, Elder, | Afford much malick acid 

Primus fpinola, Sloe, )■ and little or none of the 

Sorbus aucup, Service, citrick acid. 

Primus domeftick, Garden plum, J 
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Ribes groffu'aria, the Hairy Goofcberry, ") 

Ribes rubrum, the curnmt, 

Vacciniutn mirtellus, Whortleberry, I - . . ,- _ , 

Crataegus .,», common Lotus, * ! Appear to conta.n ha fofthe 

Prunuscerafus, cherry, f one and hail ot the oth- 

Fragariavel'ca, Strawberry, 

Rubus chamemovu s, Bilberry, 

Rnbus id;sus, Raipberry, J 

Vaccinium oxycacos^Marfhwhortle, "] 

Vaccinium Vitisldaea, | 

Prunus padus, Bird's Cherry, 1 Contain much citrick, and little 

Solanum dulcamara, j or none of the malick acid. 

Clynofbatos, Eglantine, | 

Citrus, Citron or Lemon, j 

According to the fame chemift, the juice of green grapes, as 
well as that of tamarinds, contains only the acid of citrons. 

Scheele has likewife proved the exiftence of the malick acid in 
fugar. If weak nitvick acid be poured on fugar, and diftilled till 
the mixture begins to turn brown, all the oxalick acid may be 
precipitated by the addition of lime-water ; and another acid 
will remain, which the lime-water does not precipitate. To ob- 
tain this acid in a ftate of purity, the liquor is faturated by 
means of chalk, then filtered, and alcohol added, which ocea- 
fions a coagulation. This coagulation, well waflied in alcohol, 
is rediflblved in diftilled water. The malate of lime is decom- 
pofed by the acetate of lead ; and, laft of all, the malick acid is 
difengaged by the fulphurick acid. The alcohol by evaporation 
leaves a fubftance rather bitter than fweet, which is deliquek 
cent, and refembles the faponaceous matter of lemon juice. If a 
fmall quantity of nitrick acid be diftilled from this, the malick 
and oxalick acids are obtained. 

By treating various other fubftances with the nitrick acid, the 
malick and oxalick acids are likewife obtained. Such are gum 
arabick, manna, fugar of milk, gum adragant, ftarch and the fe- 
cula of potatoes. Trie extract of nut-galls, the oil of parfley 
feed, the aqueous extract of aloes, of coloquintida, of rhubarb, 
of opium, afforded not only the two acids to Mr. Scheele, but 
likewife much refin. 

This celebrated chemift, by treating feveral animal fubftances 
with very concentrated nitrick acid, obtained the malick and the 
oxalick acids from them. Fifh glue, or ifinglafs, white of egg t 
yolk of egg, and blood, treated in the fame manner, afforded the 
fame products. 

There are few vegetables which do not exhibit fome acid more 
or lefs developed. We fee, for example, all fruits, infipid at 
firft, become infenfibly acid ; and finifh by lofing that tafte, 
and become faccharine. There are fome which conftantly pre* 
ferve an acid tafte, and form a particular clafs. 
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Some plants contain an acid principle diffufed through the 
whole parenchyma or body of the vegetable. Such are the yel- 
low gilly-flower, bardana or waterdoclc ; filipendula or dropwort, 
water creffes, the herb robert, &c. Thefe plants fenfibly red* 
den blue paper. 

There are others in which the acid principle exifts only in 
part of the plant ; as, for example, in the leaves of the greater 
valerian, the fruit of the winter cherry and of the cornel tree, 
the bark of burdock,and the root of ariftolochia or birthworth. 

Mr. Monro communicated fome experiments to the Royal 
Society of London, in 1 767, which prove that certain vegeta- 
bles contain acids nearly in a difengaged ftate, and even fuch as 
are the leaft promifing on a flight examination. 

1. Having peeled, two dozen of fummer apples, and cut them 
into fmall pieces, he poured water upon them, in which he had 
previoufly diflblved two ounces of foda, and left the whole to 
(land for fix days. The filtrated liquor, evaporated, and left in 
repofe for fix days more, afforded a beautiful fait, in fmall round 
tranfparenf plates, placed edgewife on each other. 

2. The juice of mulberries clarified with the white of egg t 
and faturated with foda, afforded a pulverulent fait of no regu- 
lar figure which by repeated folutions and evaporations, at laft 
produced long cryftals, one kind being thin, and the other thick- 
er, which croffed each other. 

3. He obtained fmall cubical or rhomboidal cryftals by treat- 
ing peaches and oranges with foda. 

4. The green plum afforded, after feveral folutions and cryf- 
tallizations, a neutral fait, which cryftallized without evapora- 
tion in large hexagonal plates, and partly in large rhombi. This 
fait had a hot tafle, and was foluble in three or four times its 
weight of cold water. 

5. The red goofeberry afforded, by evaporation and cooling, 
fmall very hard rhomboidal cryftals, not changeable in the air j 
whofe talte refembled that of the fait produced by a combination 
of the acid citrick with the fame bafe. 

The green goofeberry produced a faline cruft formed of fmall 
rhomboidal cryftals, and covered with their brilliant fcales. 

6. The green grapes afforded Mr. Monro, by repeated folu- 
tions, a neutral fair, in fmall cubical cryftals, of a rhomboidal or 
parallelogramick figure, lying upon and interfering each 0* 
ther. 

The juice of hemlock afforded Mr. Baume a fait in fmall ir- 
regular cryftals, nearly taftelefs, but reddening the infufion of 
turnfole. 
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7. M. Rinman, in his Hiftory of Iron, places the forb-apple 
and floe among the fubftances capable of corroding and cleanf- 
irig the furface of this metal, on account of their acid. 

When, by the decompofition of cert.ain vegetables by the nii 
trick acid, an acid was obtained as the laft refult, it was thought 
to have exifted ready formed in the vegetable 5 but a more in- 
timate examination (howed that the acid made ufe of in this 
operation was merely decompofed, while it deftrcyed the organ- 
ization of the vegetable, difunited the combinations which re- 
tained the principles, and that the oxigenous bafe of this acid, 
by uniting with an element of the vegetable, formed a particu- 
lar acid. This truth is deduced from the combined procefles 
of M. Lavoifier, De Morveau, &c. 

It is to a fimilar caufe that we ought to attribute the forma- 
tion of the acetous; the carbonick, and other vegetable acids ; 
and even the rancidity of oils, and the alteration to which fome 
other principles of the vegetable kingdom are fubjecl:. In thefe 
cafes the air affords the oxigene which becomes fixed in the 
plant, and gives it an acid nature. 

The oxalick acid does not exift ready formed in fugar, neither 
is the camphorick acid ready formed in camphor. The fame 
may be obferved of feveral other acids which are extracted by 
means of certain acids decompofed by being treated with vege-* 
table fubftances. We (hall fpeak of thefe acids when we come 
to treat of their radical principles. 



ARTICLE X. 

Concerning Alkalis. 

Alkali exifts ready formed in plants. Duhamel and Groffe 
nave proved that it might be extracted by means of acids. Mar- 
graffand Rouelle have added new proofs in fupport of the af- 
fertions of thefe chemifts. They have obferved, from their ex- 
periments, that the alkali exifted in a difengaged ftate in veget- 
ables •. but thefe experiments proved at moft that their ftate cf 
combination is fuch that it may be broken by the mineral acids. 

The alkali, in fome inftances, is nearly in a difengaged ftate ; 
for it is found in combination with carbonick acid in the helian- 
thus annuus. But the alkali of plants is often combined with 
the oily principle. 

When it is required to extract the alkali from a vegetable 
fubftance, all the principles with which it may be united, are 
Meftroyed by fire ; and it is cleared from the- refidues of thQ 
3-M 
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combuflion by lixiviation. This is the procefs ufed to make 
the impure alkali, called falin y as we have already obferved. 
■ If wood remains a long time under water, it is deprived of 
its property of affording an alkali by combuflion \ becaufe the 
water diffolves the compounds which may contain it. 

Marine plants afford an alkali of another nature, known by 
the name of Soda. Vegetables poffefsthe power of decompo- 
fiug common fea fait, and retaining its alkaline bafe. All infip- 
id plants are capable of affording more or lefs of foda if they be 
railed on the fea coaft j but they perifh there in a fhort time. 
Ammoniack is likewife found in plants. The glutinous part 
of gramineous vegetables contains it, and gives it out to the ni- 
trick, muriatiek, and other acids, according to M. Pouletier : 
nnd nothing more is required than to triturate the effential fait 
of wormwood with fixed alkali, to feparate the volatile. This 
alkali appears to be one of the principles of the tetradynamia, as 
thefe afford it by fimple diftillation. 

Alkalis likewife exift in plants in the (late of neutral falts. 
They are combined with the fulphurickacid in old borage and 
in fomealiringent plants. The fulphate of pot-afh appears to 
cxift in almofl all vegetables, as the pot-afh contains more or lefs 
of it ; and the analylis of tobacco has afforded me a conficerable 
quantity. 

Tamarifek affords the fulphate of foda in fuch ab % 

that by exti acting it from the aihes of this plant, it c;r be af- 
forded in very beautiful and pure . cryftals at thirty livres the- 
quintal. 

The greater turnfole, parietaria, and borage contain nitrate of 
pot-afh. 

The muriates of foda and of pot-afh are afforded by marine 
plants. 

We likewife nnd the alkalis combined with the acids of veget- 
ation, fuch as the oxaiick, the tartareous, and other acids. 

It appears that the feveral falts are the products of the veget- 
ation, and peculiar effect of the organization, of vegetables. 
Two plants which grow in the fame foil, afford very different 
falts ; and each plant conftamly affords the fame kind. 13e- 
fides, this, Homberg obferved (Mem. Acad. Par. 1660) that the 
fame falts were developed by plants growing in earths pvevioufly 
well wafhed, and afterwards watered with diddled water. 

We may therefore clafs falts among the principles of vegeta- 
bles, and no longer confioer them as accidentally; contained in 
p! mts. I do noL however deny that the combuflion of a 
■plant may not give rife to fome of them, and increafe or dimin- 
iih the proportions of others. Combultion mult form combina- 
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tions which did not exift hi the plant, and deflroy feveral of 
thole which exifted before. The atmolpherick air employed in 
this operaciuii miift unite with certain principles, and produce 
various refults. trogene gas which is precipitated in tor- 

rents in the focus of combustion, probably combines with fome 
of the principles to form alkalis, and confequently may aug- 
ment the quantity of thofe which naturally exilt in the plant. 



ARTICLE XI. 

Concerning the Colouring Principles. 

The object of the art of dying confifts in depriving one body 
of its colouring principle, to fix it upon another in a durable 
manner ; and the feries of manipulations neceffary to produce 
this effect, constitutes the art itfelf. This art is one of the moft 
ufeful and wonderful of any we are acquainted with •, and if 
there be any one of the arts which is capable of infpiring a no- 
ble pride, it is this. It not only affords the means of imitating 
nature in the riches and brilliancy of her colours ; but it ap- 
pears to have furpaflsd her in giving a greater degree of brillian- 
cy, fixity, and folidity to the fugacious and tranfient colours 
with which (he has clothed the productions around us. 

The feries of operations which constitute the art of dying, 
are abfolutely dependent on the principles of chemiftry ; and 
though' it is to accidents, or the very flight combination of facts 
fuggefjed by the comparifon of a few circumftances, that we 
are indebted in this part of chemiftry for feveral excellent re- 
ceipts, and fome principles ; yet it is not the lefs true, that no 
confiderable progrefs will ever be made, nor any folid foundation 
eftablifhed, but by analyfing the operations, and reducing them 
to general principles ; which chemiftry alone can afford. The 
neceflity of eftablifhing proper principles is ft ill farther e- 
vinced by the uncertainty and continual trials which prevail in 
the manufactories. The flighted change in the nature of the 
fubftances puts the artift to a ftand, infomuch that he is incapa- 
ble of himfelf of remedying the defects which arife. Whence 
follow continual lofles, and a difcouraging alteration of fuccefs 
and difappointment. 

The little progrefs which chemiftry has hitherto made in the 
art of dying, depends on feveral caufes, which we fhall proceed 
to explain. 

The firft caufe of this flow progrefs depends on the difficulty 
ef afcertaining with any degree of certainty the nature, proper- 
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ties, and affinities, of the colouring principle. In order to ex- 
tract this principle, we mud be acquainted with the nature of 
its folvent ; we mull know whether the principle he in a ftate of 
purity, or mixed with other parts of the vegetable : whether 
this colouring matter confift of one principle alone, or is formed 
by the union of a number : we mull alfo render ourfelves ac- 
quainted with its affinities with various kinds of (tuff; for it is 
afcertained by experience that certain colours adhere very well 
to wool, though they do not alter the whitenefs of cotton. In; 
addition to thefe neceftary parts of knowledge, it will likewife 
be required to determine its affinity with the mordant, for alum 
is the mordant for fome colours and not others : befides which, 
the action or effect of other bodies upon the colour when dyed 
muft be afcertained, in order to contrive the means of defend- 
ing it from alteration, &c. 

The fecond caufe which has retarded the application of chem- 
illry to dying, is the difficulty the chemift finds in procuring 
opportunities of making experiments in the large way. Preju- 
dice, which reigns defpotically in the dye-houfe, tends to expel 
the chemift as a dangerous innovator ; and the proverb, that 
Experience is better than Science > contributes to prevent the in- 
troduction of improvements into manufactories. It is very cer- 
tain that a dyer, confined to the mere practical part of his bufi- 
nefs, will without controverfy produce a better fcarlet than a 
chemift who is acquainted only with the principles ; for the 
fame reafen as a fimple workman in clock-making will make a 
better watch than the moft celebrated mechanick. In thefe ca- 
fes we may admit that experience is better than fcience ; but 
when it is required to refolve any problem, to explain any phe- 
nomenon, or to difcover fome errour in the complicated details 
of an operation, the mere artizan is at the end of his knowledge, 
is totally at alofs, and would derive the greateft advantage from 
the affiltance of the man of fcience. 

Another caufe of the flow progrefs of chemiftry in the art of 
dying, is, that moft of the works which treat upon this art are 
confined to defcriptions of the proceffes ufed in the manufacto- 
ries. Thefe works, it muft be admitted, pofTefs their advanta- 
ges ; but they do not advance the fcience of operations a fingle 
ir.ep. They only exhibit the fketch of a country, without indi- 
cating either its relative fituation, or the nature of its products. 
it has indeed been very difficult, till lately, to do more than this j 
becaufe the gafes, which are fo greatly concerned in this part 
of chemiftry were unknown ; becaufe the action of light and 
:,l' the air, which is fo powerful upon colours, was a fact of 
which neither the caufe nor the theory could be known j and 
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snore particularly because the falts and combinations of three, 
four and five principles were not known, though they very 
much tend to render the effects of operations on vegetables 
more complicated. 

In order therefore to make a progrefs in the art of dying, we 
muft ground our reafoning on other principles. I (hall proceed 
to fketch out a plan which feems to me to be adapted to this 
purpofe. We malUxamine — 

1 . The manner in which the colours of various bodies are de- 
veloped and formed. 

2. The nature of the combinations of thefe fame colours in 
thefe bodies, and the propereft means of extracting them. 

3. The mod advantageous proceffes for applying them. 

1 . Colours are all formed in the folar light. The property 
which bodies poflefs of abforbing fome rays, and reflecting oth- 
ers, forms the various tinges of colours with which they are dec- 
orated, as is proved from the experiments of Newton. 

From this principle we may confider the art of dying under 
two very different points of view. For we may determine the 
colour upon a body either by changing the form and difpofition 
of its pores ; fo that it may acquire the property of reflecting a 
different kind of rays from thofe which it reflected before it 
was fubjected to thefe mechanical operations. Thus it is that 
bv trituration we change the colour of many bodies ; and to 
this caufe it is that we mult refer all the effects dependent on 
the reflexibility and refrangibility of rays. This coloration de- 
pends, as we fee, merely on the changes produced in the furfa- 
cesof bodies, or the difpofition of their pores. The phenome- 
na of refrangibility depend on the denfity or fpecifick gravity of 
bodies, according to Newton and Delaval. 

The other method of caufing a body to exhibit a determinate 
colour, confifts in transferring to the lurface of the body fome 
Other body or fubftance which pofleiles the property of reflecting 
this known ray. This is the effect chiefly produced by dying. 

But in what manner do the coloured bodies of the three king- 
doms of nature acquire the property of conftantly reflecting 
one determinate kind of rays ? This is a very delicate queftion j 
for the elucidation of which I (hall bring together a few facts. 

It appear: ihat the three colours which are the molt eminently 
primitive in the arts ; thofe which form all the others by their 
combination, and confequently the only colours to which we 
I pay attention •, that is to fay, the blue, the yellow, and 
the red — are developed in the bodies of the three kingdoms by 
a greater or lefs abforptiou of oxigene, wl-iich combines with the 
g principles of thofe bodies. 
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In the mineral kingdom, the firfl impreflion of fire, or the 
firft degree of calcination, developes a blue colour, fometimes 
interfperfed with yellow, as is obfervable when lead, tin, copper, 
iron or other metals, are expofed in a (late of fufion to the ac- 
tion of the air, to haften their cooling. This may be efpecially 
obferved in fteel plates which are coloured blue by heating. 

Metals acquire the property of reflecting the yellow colour by 
combining with a greater quantity of oxigene ; and according- 
ly we perceive this colour in mofl of Them, in proportion as the 
calcination advances. Mafficot, litharge, ochre, orpiment, and 
yellow precipitate, are inftances o* this. 

A Stronger combination of oxigene. appears to produce the 
red •, whence we obtain minium, colcothar, red precipitate, &c. 

This procefs is not uniform through all the bodies of the min- 
eral kingdom ; for it is natural to infer that the effects mud he 
modified by the nature of the bafe with which the oxigene com- 
bines. Thus it is that in feme of them we perceive the blue 
colour almofl immediately followed by a black ; as may eafily 
be accounted for, on the consideration that there is a very (1 
difference between the property of reflecting the weakeit rays 
and that of reflecting none at all. 

To give additional force to the observations here made, we 
may alfo take notice that the metals themfelves are moft of tfvni 
colourlefs, and become coloured by calcination ; that is to fay, 
by the fixation and combination of oxigene. 

The effects of the combination of oxigene are equally evident 
in the mineral as in the vegetable kingdom ; and, in order to 
convince ourfelves of this, we need only follow the operations in 
the method of preparing and developing the principal blue col- 
ours, fuch as indigo, paftel, turnfole, &c. 

Indigo is extracted from a plant known by the name of Anil- 
Jo by the Spaniards, and the Indiyo plant by us. It is the Iding- 
oj'era tinBoria of J^inn/eus. It is cultivated at Saint Domingo, 
in the Antilles, and in the Eaft Indies. The boughs are cut ev- 
ery two month?, and the root lafts two years. The.plant is laid 
to ferment in a trough called the fceeping trough, which is fil- 
led with water. At the end of a certain time the water heats, 
emits bubbles, and becomes of a blue colour. It is then pafTed 
into another veffel or trough, called the beating trc«gh (batterie), 
where the fluid is ftrongly beaten or agitated by a mill with pal- 
lets, to condenfe the fubltance of the indigo. As foon as the 
water is become infipid, it is drawn off; and the depofition of 
the fecula is. made in a third veffe!, called the fettling trough 
(repofoir), where it dries, and is taken out to form the loaves 
distributed in commerce. 
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The paftel is a colour which is extracted in upper Languedoe 
by fermenting the leaves of the plant after having firft bruifed 
them. The fermentation is promoted by moiftening them with 
the mod putrid water that can be procured. 

The woad is prepared in Normandy in the fame manner as- 
the paftel. 

Turnfole is prepared in Grand Galargues by foaking rags in 
the juice of the croton tinctorium, and afterwards expofmg them 
to the vapour of urine or dung. 

We likewife obferve that the firft degree of combination of 
oxigenc with oil (in comhuftion) dev elopes the blue colour for 
the inftant. 

The blue colour is formed in dead vegetables only by fermen- 
tation. Now in thefe cafes there is a fixation of oxi-rene. Thi» 
oxigene combines with the fecula in indigo, with an extractive 
principle in turnfole, &c ; and molt colours are likewife fufcep- 
tible of being converted into red by a greater quantity of oxi- 
gene. Thus it is that turnfole reddens by expofure to air,. 
or to the action of acids : becaufe the acid is decompofed uporr 
the mucilage, which is the receptacle of the colour ; as may be 
feeii in fyrup of violets, upon which the acids are decompo- 
fed when concentrated. The fame thing does not happen when 
a fecula is faturated with oxigene, and does not admit of the 
decompofition of the acid. Hence it is that indigo does not be- 
come red by acids, but is on the contrary foluble in them. It 
is likewife for the fame reafon that we obferve a red colour de- 
veloped in vegetables in which an acid continually aeTrs, as in 
the leaves of the oxalis, of the virgin vine, the common forrel 
an4 the ordinary vine. Hence alfo it happens that acids bright! 
en mod of the red colours ; and that a very highly charged 
metallick oxide is ufed as the mordant for fcarlet. 

We find the fame colours developed in the ardmal kingdom 
by the combination of the fame principle. When fleih-meat 
putrefies, the firft impreftion of the oxigene conhfts m produ- 
cing a blue colour ; whence the blue appearance of moi; 
tions, of fiefh becoming putrid, of game too lortg kept, or the 
appearance which in our kitchens in France is c? bleu. 

This blue colour is fueceeded, by red, as is obfen , • nre- 

paration of cheefes, which become covered with a mouh!; 
at firft of a blue colour, but afterwards becoming red : I ha\'e 
purfued thefe phenomena in the preparation of the cheefes at 
Rocqv. dort. The combination of oxigene, and the proportion- 
al quantity which enter-, into fuch combination, determine there- 
fore the property of reflecting any particular rays of light. But 
it may eafily be undcrftood that the colour mult be fubjscl to 
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variation according to the nature of the principle with which it 
combines ; and this poirns out a feries of very interesting ex- 
periments that remain to be made. 

All the phenomena of the combination of air with the feveral 
principles in different proportions may be obferved in the flame 
of bodies actually on fire. This flame is blue when the com- 
buftion is flow ; red, when ftronger and more complete ; and 
white, when (till more perfect. For thefe final degrees of oxi- 
dation in general produce a white colour, becaufe all the rays 
are then equally reflected. 

From the foregoing facts we may conclude that the blue ray 
is the weakeft,and isconfequently reflected by the firft combina- 
tion of oxigene. We may add the following fact to thofe we 
have already exhibited. The colour of the atmofphere is bluifli ; 
the light of the ftars is blue, as M. Mariotte has proved, in the 
year 167S, by receiving the light of the moon upon white pa- 
per : the light of a clear day reflected into the fhade by fnow, 
is of a fine blue, according to the obfervaiions of Daniel Major, 
(Ephem. des Curiof. de la Nature, 167 1, premier Dec.) 

The colouring principle is found in vegetables in four {fates' 
of combination — 1. With the extractive principle. 2. With 
therefinous principle. 3. With a fecula. 4. With a gummy 
principle. — Thefe four ftates in which we find the colouring 
principle, indicate to us the means of extracting it. 

A. When the receptacle of the colour is of the nature of ex- 
tracts, water is capable of diffolving the whole : fuch is that of 
logwood, turnfole, madder, cochinille, &c. Nothing more is ne- 
ceffary than to infufe thefe fubftances in water, for the purpofe 
of extracting their colouring principle. If any (luff be plunged 
in this folution, it will be covered with a body of colour, which 
will be a mere ftain, that may be again cleared off by water. To 
obviate this inconvenience, it has therefore been found neceffa- 
ry to impregnate the fluffs on which the colours were intended 
to be applied with fome fait or other principle, which might 
change the nature of the colouring matter, and give it fixity, by 
depriving it of its folubility in water, it is this fubftance which 
is diftinguifhed by the name of Mordant. It is likewife necef- 
fary that the mordant fhould have an affinity with the principle 
of colour ; in order that it may become its receiver. Hence 
it arifes that moft of thefe colours, fuch as 'turnfole, Brazil 
wood, &c. are not fixed by thefe mordants ; hence it alio arifes 
that cochinille does not form a fine icarlet, unlefs it hai 
its mordant. It is neceffary, moreover, that the mordant have 
due relation to the nature of the (luff ; for the fame compofi- 
tio» which gives a fine fear let colour to wool, gives a colour of 
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wine lees to filk, and does not even change the white colour of 
cotton. 

B. There are certain refinous colouring matters foluble in fpir- 
it of wine : fuch are the pharmaceutical tinctures : they are 
ufed only in the arts for dying ribbons. There are other col- 
ouring matters combined with feculx, which water does not dif- 
folve : rocou, archil, indigo, and the red colour of oriental faf- 
fron, are of this kind. 

Rocou is a refinous fecuia obtained by macerating the feeds 
of an American tree called Urucu in water. In this operation 
the extractive part is deftroyed by fermentation, and the refinous 
fecuia is collected in a pafte of a deep yellow colour. The pafte 
of rocou, diffufed in water with the impure alkali called cendres 
gravities, affords a fine orange colour. 

Archil is a pafte prepared by macerating certain moffes and 
lichens in urine with lime. Alkalis extract a violet colour. 
Archil is made in Corfica, in Auvergne, at Lyons, &c. 

The Archil of the Canaries is lefs charged with lime. That 
which I procured, exhibited in its texture the fibres of the plant, 
not completely decompofed by the fermentation. The archil of 
the Canaries, or the archil in the herb, is afforded by a lichen 
called, Orcella, rocella, lichen fruticulofiiSy folidus , aphyllus> fubra- 
niofusy tuberculis alternis, Linnai. The parella or archil of Au- 
vergne is made with the lichen parellus Linnaei. 

The colouring matters of this clafs are all foluble in alkali or 
lime \ and thefe are the fubftances ufed to difiblve them in wa- 
ter, and precipitate them upon fluffs. Lirne is the true folvent 
of indigo ; but alkali is the folvent of other fubftances of the 
fame clafs. For example : when it is required to make ufe of 
the colouring matter of bafta r d faffron, the firlt proceeding con- 
fifts in warning it in much water, to clear it of the extractive 
and yellowifh principle, which is very abundant ; and the refin- 
ous principle is afterwards diilolved by means of alkali, from 
which folvent it is precipitated upon the (tuffs by means of acids. 
In this manner it is that the poppy-Coloured filk is made. This 
refinous principle may alfo be combined with talc, after it has 
been extracted by an alkali, and precipitated by an acid ; in 
which cafe the refult is vegetable red. To make this pigment, 
the yellow colour of faffron or carthamus is firfl extracted by 
means of wa'fhing. Five or fix per cent, of its weight of foda 
is mixed with the refidue ; and cold water poured on, which 
takes up a yellow matter ; and this, by the addition of lemon 
juice, depolites a red fecuia. The red fecuia, mixed with levi- 
gated talc, and moiftened with lemon juice, forms a pafte, 
which is put into pots to dry. If the red be foluble in fpirit of 
3...N 
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wine, it is vegetable ; but if not it is mineral, and is ufually Ver- 
million. 

Acids may be ufed inftead of alkalis in fixing fome of thefe 
colours upon (tuffs. To make a permanent blue, inftead of dif- 
folving indigo by means of lime, it is fometimes diffclved in oil 
of vitriol. This folution is poured into the bath, and the alum- 
ed fluff is paffed through it. Flannels are died blue at Mont- 
pellier in this way. This operation depends merely on an ex- 
treme divifion of the indigo by the acid. 

D. There are fome colouring principles fixed by refin ; but 
which, by the affiftance of extractive matter, may be fufpended 
by water. The fluffs are boiled in this folution ; the refinous 
part applies itfelf to them, and adheres with fuflicient folidity not 
to be again carried off by water. 

No preparation is required to dye with thefe ingredients, 
nothing more being neceffary than to boil the fluff in a decoc- 
tion of the colour. The principal fubftances of this kind are, 
the hufic of walnuts, the roots of the walnut tree, fumach, fan- 
tal, the bark of elder, &c. All thefe fubftances, which require 
no mordants, afford only a buff-coloured tinge, which dyers call 
Root Colours. The colouring matter of certain vegetables mav 
likewife be extracted by oils. In this way oils are coloured red 
by infufing alkanet, or the root of a certain fpecies of buglofs 
in them. 

In order to apply colouring matter properly upon any fluff, it 
is neceffary to prepare the fluff, and difpofe it to receive the 
colouring principle, For this purpofe it muft be wafhed, 
bleached, and cleared of that glutinous matter which defends it 
from the deftrudlive action of the air while it grows on the ani- 
mal which affords it ; and impregnated with the mordant which 
fixes the colour, and gives it peculiar properties. 

A. The firft operation required to difpofe a fluff to receive 
colour, is bleaching ; becaufe the whiter it is, the more natural 
and accurate will be the colour it takes. If this precaution be 
not taken, the fuccefs will be uncertain. To bleach piece goods, 
the operator is fatisfied with boiling them in an alkaline lixivium, 
and expofing them afterwards to the air, to render the white- 
tiefs more perfect. This operation depends on the action of the 
oxigene, which combines with the colouring principle, and de- 
itroysit-, as is evidently demonftrated by the late experiments 
of M. Berthollet on the oxigenated muriatick acid, which bleach- 
es cloths and cottons with fuch facility, that it is already ufed 
for this purpofe in feveral manufactories. 

Cotton is bleached in fome manufactories by a verv ingenious 
procefs. A boiler is firmly let in mafonry, and a cover fitted to 
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it in the ftrongeft manner ; this boiler has an elliptical figure. 
Alkali rendered cauftick by lime is put into the bottom of this 
veffel ; and the goods intended to be bleached are put into a 
bafket which prevents their touching the fides of the boiler. 
When the piece-goods are properly placed, the covering is fixed 
on, which is pierced by a very fmall aperture, to permit a por- 
tion of the aqueous vapour to efcape. A degree of heat much 
fuperiour to that of boiling water is excited in the folution of 
pot-afli : and the heat, affifl.ed by the corrofive action of the pot- 
afh in this kind of Papin's digelter, deftroys the colouring prin- 
ciple of the cottons, and gives them the utmoft whitenefs. 

B. That kind of gluten which envelopes aim oft every animal 
fubltance, but more efpecially raw lilk, is infoluble in water and 
in alcohol-. It is only attacked by alkalis and foaps ; and for 
this purpofe the operation of cleanfing is ufed. Any fluff may 
be cleared of its glutinous part by boiling or even digefting it in 
a folution of alkali ; but it has been obferved that a pure alkali 
alters the goodnefs and quality of the fluff ; for which reafon 
foaps have been fubftituted in its (lead. For this purpofe the 
fluff is fteeped in a folution of foap, heated to a lefs degree than 
boiling. The academy of Lyons, in the year 1761, .propofed a 
prize for the means of clearing raw filks without foap. It was 
adjudged to M. Rigaut, of St. Quentin, whopropofed a folution 
of fait of foda. 

It has been lately afcertained that water, heated above the de- 
gree of ebullition, is capable of diffolving this colouring princi- 
ple. A boiler fimilar to that I have juft defcribed, may be ufed 
for this purpofe. 

In order to bleach cotton, and difpofe it for the dying pro- 
ceffes, it is is cleanfed by means of a liquid foap made of oil and 
foda. 

The piece goods are cleared by this boiling from the varnifh, 
which would prevent the colour from applying and fixing itfelf 
in a permanent manner ; at the fame time that it opens the 
pores of the fluff for the better reception of the colour. 

When the piece is thus prepared, its pores being very open, 
and its colour very white, nothing remains to be done previous 
to the application ox the dye, but to impregnate it with the 
mordant or principle which is to receive the colour and change 
its nature fo much, that neither water, foap, nor any of the re- 
agents ufed as proofs, may be capable of extracting it. It is ne- 
ceflary therefore — 1. That the mordant itfelf mould be very 
white, that it may not alter the colour prefented to it. 2. That 
t be not fubjeel to corruption ; and for this purpofe it muftbe 
ought among the earths and metallick oxides. 3. That it be 
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in (late of extreme divifion, in order that it may fix itfelf in 
the pores. 4. That it be infoluble in water and the other 
reagents. 5. That its affinity with the colouring matter and 
the fluff be very great. 

'Alum and the muriate of tin, are the two falts whofe bafes, 
unite thefe properties in the mofl efficacious manner. The fluffs 
having undergone the previous operations are therefore fteeped 
in folutions of thefe falts ; and when they are impregnated, they 
are paffed through the colouring bath ; and by the decompofi- 
tion,?or change of principles between the mordant and the prin- 
' ciple which holds the colour in folution, the colour is precipi- 
tated on the bafe of the mordant, and adheres to it. 

Certain vegetable fubflances are likewife difpofed to take fome 
couiours by animalizing them In this way cows' dung and bul- 
lock's blood are ufed in dying cotton ; for it is a decided fac~t 
that animal fubflances take colours better than vegetables. 



ARTICLE XII. 

Concerning the Pollen or Fecundating Powder of the Stamina of Vegeta- 
bles. 

Modern difcoveries and obfervations have pointed out the fex-j 
ual parts of plants •, and we find nearly the fame forms in the 
organs, the fame means in the functions, and the fame charac- 
ters in the.prolifick humours, as in anim: 

The prolifick humour in the male parr is elaborated by the 
anthera : and as the organs of the plants do not admit of an ac- 
tual intromiffion of the male into the female, becaufe vegetables 
are not capable of loeo-motien, nature has beflowed on the fe- 
cundating feed the character of a powder ; which the agitation 
of the air, and other caufes, may carry away and precipitate 
upon the female. There is a degree of elafticity in the anthera, 
which caufes it to open, and eject the globules. It has even 
been obferved that the piftil opened at the fame time, to receive 
the pollen, in certain vegetables. The refou'rees of nature to 
aifure the fecundation are admirable. The male and female 
parts almofl always repofe in the fame flower -, and the petals 
are always difpofed in the mofl advantageous manner to favour 
the reproduction of the fpecies. Sometimes the male and fe- 
male upon the fame individual, but placed upon different flow- 
ers ; at other times both are attached to ifolated and feparate 
individuals, and then the fecundation is made by the pollen 
which the wind or air detaches from the anthera, and tranfmits 
■■: female. 
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The fecundating powder has almoft conftantly the fmell of 
the fpermatick liquor of animals. The fmell of cabbages in 
bloffom, of the chefnut tree, and molt other vegetables, exhibits 
this analogy to fuch a degree, that the one odour might even be 
miftaken for the other. 

The pollen is generally of a refmous nature, foluble in alka- 
lis and in alcohol. Like refins, it is inflammable ; and the aura 
which is formed around certain vegetables at the time of fecun- 
dation, may be fet on fire, as was obferved by Ma.demoifelle Lin- 
ne in the fraxinella. 

Nature, which has employed lefs economical means in the 
fecundation of plants, and who entrufts thefe operations almoft 
to chance,;fince (he delivers the fecundating powder to the winds 
muft of courfe have been prodigal in the formation of this hu- 
mour, more efpecially for tb>e trees of the monoecia and dioecia 
genera, where the production is more expofed to accidental im- 
pediments. Hence we may account for thofe pretended mow- 
ers of fulphur, which are never common but in fuch diftricts as 
abound with the hazel, filbert, and pine-trees. 

As the pollen could not be expofed by nature to the varying 
temperatures of the atmofphere, fhe has facilitated its develope- 
ment in the molt rapid manner. A warm fun very frequently 
fuffices to open the concealed organs of the plant, to develope 
and procure its fecundation. On this account the author of Les 
Etudes de la Nature affirms, that the coloration of plants is de- 
signed to reflect the light more vividly, and that moft flowers 
affect the moft advantageous form to concentrate the folar rays 
on the parts of generation. 

The parts employed in thefe functions are endued with an af- 
tonilhing degree of irritability. M. des Fontaines has made 
fome very interesting obfervations on this fubject ; and the agi- 
tated motions which fome plants affect in order to follow the 
courfe of the fun, are determined by nature, in order that the 
great work of generation, favoured by the fun, may be accom- 
plifhed in the lea It poffible time. 

Concerning Wax. 

The wax of bees is merely the pollen very little altered. 
Thefe infects have their femurs provided with rugofities to brufh 
the pollen from the antherae, and convey it to their nefts. 

There appears to exift in the very texture of fome flowers, 
which are rich in fecundating powder, a matter analogous to wax 
which may be extracted by aqueous decoction. Such are the 
male catkins of the betula alnus, thole of the pine, &c. the 
leaves of , of officinal fage, the fruits of the mirica 

perifera, fuffer wax to tranfude through the pores. 
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It appears that wax and the pollen have for their bafis a fat 
oil, which paffes to the Mate of refin by its combination with 
cxigene. If the nitrick or muriatick acid be digtfted upon fix- 
ed oil for feveral months, it paffes to a date refembling wax. 

Wax, by repeated diftiilations, affords an oil which poffeffes 
all the properties of volatile oils. It is reduced into water and 
carbonick acid by combuftion. 

The colouring matter of wax appears to be of the fame nature 
as that of filk ; it is infoluble in water and in alcohol. In the arts, 
wax is bleached by dividing it prodigiouily ; for which purpofe 
oil is poured in fufion upon the furface of a cylinder, which re- 
wolves at the furface of water. The wax which fails applies 
itfelf to the fuperficies, and is reduced into very thin flakes 
or ribbons. It is afterwards expofed to the air upon tables, ta- 
king care to ftir it from time to time^ and by this means it be- 
comes white. 

Alkalis diffolve wax, and render it foluble in water. It is 
this faponaceous folution which forms the punick wax. It may 
be ufed as the bafis of feveral colours *, and may be made into 
an excellent pafte for waffling the hands. It is likewife applied 
with a brufh upon feveral bodies : but it would be highly ad- 
vantageous if it could be deprived of its folvent, which conftant- 
ly a£ts, and is the caufe why it cannot be applied to feveral ufes 
in which otherwife it might be found advantageous. 

Ammoniack likewife diffolves it ; and as this folvent is evap- 
orable, it ought to be preferred when it ispropofed to ufe the 
wax as a varnifb. 

ARTICLE XIII. 

Concerning Honey. 

Honey, or the nectar of flowers, is contained chiefly in the 
bafc of the piftil, or female organ. It ferves as food for moft 
infecls which have a probofcis. Thefe animals plunge their 
probofcis into the piftil, and fuck out the nedtar. It appears 
to be a folution of fugar in mucilage ; the fugar is fometimes 
precipitated in cryftals, as in the nedlar of the flower of balfa- 
mina. 

The neclar undergoes no alteration in the body of the bee, 
fince we can form honey by concentrating the nedtar. It re- 
tains the odour, and not unfrequentiy the noxious qualities of 
the plant which affords it. 

Thefecretion of the nectar is made during the feafon of fe- 
cundation. It may be confidcred as the vehicle and recipient of 
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the fecundating dud, which facilitates the burfting of globules, 
filled with this fecundating powder : for Linnaeus and Tourne- 
fort have both obferved that nothing more is required than to 
expofe the pollen upon water, to afliil the developement. All 
the internal part of the ftyle of the piftil is impregnated with it- 
And if the internal part of the female organs be dried by heat, 
the pollen no longer fecundates. 

Honey exudes from all the female parts, but particularly from 
the ovarh. Pores may even be obferved in hyacinths, through 
which it flows Such flowers as have only the male parts do 
not in general afford honey ; and the organs which afford thfc 
nectar dry up and wither from the moment the act of concep- 
tion is accompliihcd. Honey may therefore be confidered as 
neceffary to fecundation ; it is the humour afforded by the fe- 
male to receive the fecundating powder, and facilitate the open- 
ing and explofion of the fmall bodies which contain the pollen ; 
for it has been obferved thatthefe bodies open the moment they 
touch the furface of any liquid which moiftens them. 



ARTICLE XIV. 

Concerning the Ligneous Part of Vegetables. 

Chemifts have conftantly directed their attention to the analy- 
sis of vegetable juices ; but they appear to have completely neg- 
lected the folid part of the vegetable, which in every point of 
view is entitled to particular attention. It is this ligneous por- 
tion which forms the vegetable fibre ; and this matter not only 
conflitutes the bafis of the vegetable, but is likewife developed 
in circumftances which depend on the vital functions of the 
plant, [t forms the pulp of feeds, the lanuginous covering 
which overfpreads certain plants, &c. The character of the 
ligneous part is, an infolubiiity in water and almoft every other 
menftruum. The fulphurick acid only blackens it, and is de- 
cotr.pofed upon it, as is likewife the nitrick acid. But one very 
peculiar character of this principle is, that the concourfe of air 
and water alters it very difficultly ; and that, when it is well de- 
prived of all its moifture, it abfolutely refifts every kind of fer- 
mentation j infomuch that it would be indefinable, if infects 
had not the property of gnawing and feeding upon it. It ap- 
pears that the vegetable fibre conftfts of the bafis of mucilage 
hardened by its combination with quantity of oxigene. 

Several reafons led us to adopt this idea. In the firfl: place, the 
diluted nitrick acid being put to digeft upon fecuia is decompof- 
«d, and caufes the fecuia to pafs to a ftaie refembling that of 
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ligneous matter. I have obferved, in the fecond place, that thoW 
fungi which grow in fubterraneous places void of light and arc 
refolved into a very acid water, if left in a veflel, acquire a great- 
er quantity of the ligneous principle, in proportion as they arc 
expofed by degrees to the light ; at the fame time that the acid 
is diminifhed bv decompofition, and at length difappears. 

The tranfition of mucilage to the ftate of ligneous matter is 
very evident in the growth of vegetables. The cellular envelope 
which is immediately covered by the epidermis exhibits nothing 
but mucilage and glands ; but by degrees it hardens, forms a 
ftratum of the cortical coating, and at laft concludes by becom- 
ing one of the ligneous rings. , 

We obferve this tranfition in certain plants which are annual 
in cold climates, and vivacious in temperate climates. In the 
former they are herbaceous, becaufe the periodical return of the 
cold weather does not permit them to devclope themfelves. 
In the fecond they become aborefcent ; and the progrefs of 
time hardens the mucilage, and forms ligneous coatings. 

The induration of the fibrous part may be accelerated by 
caufing the air and light to ac~V. more ftrongly upon it. M. de 
Buffon has obferved that, when a tree is deprived of its bark, 
the external part of the wood which is expofcd to the air, ac- 
quires a confiderable degree of hardnefs ; and trees thus pre- 
pared form pieces of carpentry much more folid than thofc 
which have not undergone fuch preparation. 

It is probably owing to the large quantity of pure air with 
which the fibrous matter is loaded, that it is not difpofed to pu- 
trefy ; and it is in confequence of this moft valuable property 
of not being fubjeel to- corruption, that arts have been invented 
for clearing it of all fermentable principles of the vegetable king- 
dom, to obtain it in its greateft purity in the fabrication of 
cloths, paper, &c. We fliall again return to thefe objects, 
when we treat of the alterations to which the vegetable king- 
dom is fubjetl. 

ARTICLE XV. 

Concerning other fixed principles of the Vegetable Kingdom. 

The volatile oil of horfe-radifh had formerly afforded fulphur, 
which is depofited by Handing, according to the obfervations of 
fome chemifts ; but M. Deyeux has taught us to extract this 
inflammable principle from the root of the herb patience. No- 
thing is required to be done but to rafp the root, boil, take off 
the fcum, and dry it. This fcum affords much fulphur in fub- 
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fiance ; and it is perhaps to this principle thatthefe plants owe 
their virtue, fince they are ufed in (kin diforders. 

Vegetables in their analyfis likewife prefent us with certain 
metals, fuch as iron, gold, and manganefe. The iron forms 
near one twelfth of the weight of the afhes of hard wood, fuch 
as oak. It may be extracted by the magnet. It does not ap- 
pear to exiit in a perfectly difengaged ftate in the vegetable ; 
neverthelefs we read, in the Journaux de Phyfique, an obferva- 
tion in which it is affirmed, that it was found in metallick grains 
in fruits. The iron is ufually held in folution in the acids of 
vegetation, from which it may be precipitated by alkalis. The 
exiftence of this metal has been attributed to the wearing of 
ploughfhares, and other inftruments of hufbandry, and to the 
faculty which plants poffefs of imbibing it with their nutritive 
juices. The Abbe Nolet and others have embraced this unphi- 
lofophical notion. It is the fame with the iron as with the other 
falts. They are produced by vegetation ; and vegetables wa- 
tered with diflilled water afford it as well as others. 

Beccher and Kunckel afcertained the prefence of gold in 
plants. M. Sage was invited to repeat the proceffes by way of 
afcertaining the fact. He found gold in the afhes of vine twigs, 
and announced it to the publick. After this chemift, mofl per- 
fons who have attended to this object, have found gold j but 
in much lefs quantity than M. Sage had announced. The 
mofl accurate analyfes have fhown no more than two grains ; 
whereas M. Sage had fpoken of feveral ounces in the quintal. 
The procefs for extracting gold from the afhes confifls in fufing 
them with black flux and minium. The lead which is produ- 
ced is then cupelled, to afcertain the fmall quantity of gold 
with which it became alloyed in this operation. 

Scheele has alfo obtained manganefe in the analyfis of vege-. 
table afhes. His procefs confifls in fufing part of the afhes 
with three parts of fixed alkali, and one eighth of nitrate of pot- 
afh. The fufed matter is boiled in a certain quantity of water. 
The folution being then filtered, is faturated with fulphurick ac- 
id, and at the end of a certain time manganefe falls down. 

Lime conflantly enough lorms feven tenths of the fixed refi- 
due of vegetable incineration. This earth is ufually combined 
with the carbonick. Scheele has proved that it efflorefces in 
this form on the bark of guaiacum, the afh, &c. It is likewife 
very often united with the acid of vegetation. It appears to be 
formed by an alteration of the mucilage, more advanced than 
that which forms the fecula, which has fome analogy with this 
earth. We evidently fee the tranfuion of mucilage to the ftate 
of earth in teftacecus animals. We obferve the mucilage pu- 
Q...O 
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trefy at its furface, with fo much the more facility as it is purer, 
as we may judge by a comparison of the afterise, the fea hedge- 
hog, the crab, &c. 

Next to lime, alumine is the mod abundant earth in vegeta- 
bles, and next magnefia. M. Darcet has obtained, from one 
pound of the alhes of beech, one ounce of the fulphate of mag- 
nefia, by treating them with the fulphurick acid. This earth is 
very abundant in the allies of tamarifc. Siliceous earth likewifc 
exifts, but lefs abundantly. The lealt common of all is the. 
barytes. 



ARTICLE XVI. 

Of the common Juices extracted by Incifion or Expreflion. 

The vegetable juices hitherto treated of are peculiar fubftan- 
ces contained in vegetables, and poffeffing ftriking characters, 
by which they are diftinguilhable from every other humour. 
But we may at once extract from vegetables all the juices they 
contain ; and this mixture of various principles may be obtained 
by feveral methods. Simple incifion is fometimes fufficient ; 
but expreflion is equally ufed. 

The juices of vegetables vary according to the refpeclive na- 
ture of the plants. They are more abundant in fome than in 
others. Age modifies them. Young trees in general have molt 
fap j and this fap is milder, more mucilaginous, and lefs charg- 
ed with oil and refin. The fap varies according to the feafon. 
In the fpring the plants draw up with avidity the juices afforded 
by the air and the earth ; thefe juices eftablifh 3 plethora every 
where, from which refults a confiderable growth of the individ- 
ual, and fometimes a natural extravafation. If in the time of 
plethora incifions be made in any part of the vegetable, all the 
abundant fap efcapesby the aperture ; and this fluid is almoft 
always clear, and without fmell. But by degrees the plant el ib- 
orates thefe juices, and gives them peculiar characters. In the 
fpring the ftp in the body of the vegetable prefents only a flight 
alteration of the nutritive juices ; but in the fummer the whole 
is elaborated, all is digeded, and then the fap poffeffes characters 
very different from thofe it poffeffed during the fpring feafon. 
If incifions be now made in the tree, the juices obtained are ac- 
cordingly very different ; and for this reafon it is that the juices 
difperfed in commerce are extracted during the fummer. 

The conftitution of the air equally influences the nature of 
vegetable juices. A rainy feafon oppofes the developement of 
the faccharine principle, as well as the formation of refins and 
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aromatick fubftances. A dry feafon affords little mucilage, but 
much refin and aromatick principle ; hot weather decompofes 
the mucilage, and Favours the development of refin, faccharine 
matter, and aroma ; but a cold feafon does not permit the for- 
mation of any principle but mucilage : and as the mucilage is the 
principle of increafeof bulk in plants, the whole of this fubftance 
is employed for that purpofe ; while the heat and light modi- 
fy the fame rnucilage, and caufe it to pafs to the ftate of oil, re- 
fin, aroma, &c. Hence probably it is that trees have a more 
agreeable appearance in cold than in burning climates j and that 
the trees in this latter fituation abound with aromatick, oily, and 
refinous principles. In the vegetable as in the animal kingdom, 
fpirit appears to be the portion of the fouthern climates i while 
force and ftrength are attributes of the northern. 

Concerning the Juices extracted by Incifion. 

The juice contained in plants, and known by the name of Sap, 
is difperfed through the cellular tiffue, inclofed in the veffels, or 
depofited in the utricules : and there is a communication exift- 
ing, which, when any part of the vegetable is wounded, caufes 
the abundant juices to flow through the aperture 5 not indeed fo 
fpeedily, nor fo completely, as in animals ; becaufe the humours 
do not poflefsfo rapid a motion, and becaufe there is lefs con- 
nexion between the feveral organs in vegetables than in animals. 
The fap is a confufed mixture of all the principles of vegetables. 
The oil and the mucilage are confounded with the falts. It is 
in a word, the general humour of vegetables, in the fame man- 
ner as the blood in animals. In the prefent place we fhall fpeak 
only of manna and opium. 

1. Manna. — Several vegetables afford manna ; and it is ex- 
tracted from the pine, the fir, the maple, the oak, the juniper, 
the fig, the willow, the olive, &c. but the afh, larch, and the al- 
hagi, afford it in the largeft quantities. L'obel, Rondelet, and 
others, have obferved at Montpellier, upon the olive trees, akind 
of manna, to which they have given the name of celiomeli. 
Tournefort collected it from the fame trees at Aix, and at Tou- 
lon. 

The afh which affords manna grows naturally in all temper- 
ate climates : but Calabria and Sicily appear to be the moft nat- 
ural countries to this tree ; or atlealt it is only in thefe coun- 
tries that it abundantly furnifhes the juice called Manna in com- 
merce. 

The manna flows naturally from this tree, and attaches itfelf 
to its fides in the form of white tranfparent drops ; but the ex- 
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traction of this juice is facilitated by incifions made in the tree 
during fummer : the manna flows through thefe apertures up- 
on the trunk of the tree, from which it is detached with wood- 
en inftruments. Care is likewife taken to infert ftraws, or fmall 
{ticks of wood, into thefe incifions ; and the ftalaftites which 
hang from thefe fmall bodies are feparated, and known in com- 
merce by the name of Manna in Tears : the fmalleft pieces form 
the manna in forts or flakes ; and the common or fat manna is 
of the word quality, becaufe the moft contaminated with earth 
and other foreign fubftances. The afh fometimes affords man- 
na in our climates, fpecimens of which I have feen collected in 
the vicinity of Aniane. 

The larch which grows abundantly in Dauphiny, and the en- 
virons of Brianc;on, likewife affords manna. It is formed dur- 
ing the fummer on the fibres of the leaves, in white friable 
grains, whiah the peafants collect and put into pots which they 
keep in a cool place. This manna is of a yellow colour, and has 
a very naufeous fmell. 

The alhagi is a kind of broom, which grows in Perfia. A 
juice tranfudes from its leaves, in the form of drops of various 
fizes, which the heat of the fun indurates. An intercfting ac- 
count of this tree may be feen in Tournefort's Travels. This 
manna is known in the Levant, in the town of Tauris, by the 
name of Tereniabin. 

The manna moft frequently ufed is that of Calabria. Its 
fmell is ftrong, and its tafte fweetifh and naufeous : if expofed 
on hot coais, it fwells up, takes fire, and leaves a light bulky coal. 
Water totally diflblves it, whether hot or cold. If it be boil- 
ed with lime, clarified with white of egg, and concentrated by 
evaporation, it affords cryftals of fugar. 

Manna affords by diftillation water, acid, oil, and ammoniack j 
and its coal affords alkali. 

This fubftance form? thebafis of moft purgative medicines. 
2. Opium. — The plant which affords opium is the poppy, 
which is cultivated in Perfia and Afia Minor. To extract this 
precious medicine, care is taken to cut off all the flowers which 
would load the plant, and to leave that only which correfponds 
with the principal ftem. At the beginning of fummer, when 
the poppy-heads are ripe, incifions are made quite round them, 
from which tears flow that are carefully collected. This opium 
is the pureft, and is retained in the country for various ufes. 
That which comes to u$ is extracted by preflure from die fame' 
heads. The juice thus obtained is wrapped up, after previous 
drying, in the leaves of the poppy, and comes to us in the form 
of circular flattened cakes. 
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In our laboratories it is cleared from its impurities by folution 
in hot water, filtration, and evaporation to the confidence of an 
extract. This is the extract of opium. 

Opium contains a flrong and narcotick aroma, from which it 
is impoflible to clear it, according to Mr. Lorry. It likewife 
contains an extratr. foluble in water, and a refin j together with 
a volatile concrete oil, and a peculiar fait. 

By long digeftion in hot water the volatile oil becomes atten- 
uated, is difengaged, and carries the aroma with it ; fo that by 
this means the oil and aroma may be feparated, at leaft for the 
moft part. It has been obferved that opium deprived of this 
oil, a portion of its aroma, and its refin, preferved its fedative 
virtue, without being narcotick and ftupifying. We are in- 
debted to Baume for a feries of interefting refearches on this 
fubjec~fc. He boiled four pounds of fliced opium in between 
twelve and fifteen pints of water, for half an hour. The de- 
codlion was drained with preffure, the dregs were exhauded by 
ebullition with more water. All thefe waters were mixed to- 
gether, and reduced by evaporation to fix pints. The liquor 
was then put into a cucurbit of tin, and digefted on a fand- 
bath for fix months, or during three months night and day. 
Care was taken to add water as the evaporation proceeded ; and 
the bottom of the veffel was fcraped from time to time, to dif- 
engage the refinous matter which fubfided. "When the digeftion 
was finifhed, the liquor was filtered, the refidue carefully fepa- 
rated, and the water evaporated to the confidence of an extract. 

If the fait be required to be feparated, the evaporation mud 
be fufpended when the fluid is reduced to one pint. An earthy 
fait falls down by cooling, which is of a ruddy appearance, and 
has the form of fcales mixed with needled cryftals. 

By this long but judicious proeefs, the oil is fird feparated ; 
which after three or four days rifes to the furface of the liquor, 
where it forms an adhefive pellicle, like turpentine. This pel- 
licle is gradually diffipated, and difappears at the end of a month, 
nothing more being feen than a few drops from time to time. 
In proportion as the oil is diiTipated, the refin, which formed a 
foap with it, is precipitated. 

Mr. Baume has calculated that thefe principles exid in the 
following proportions : — Four pounds of common opium afford 
one pound one ounce of marc or infoluble matter, one pound 
fifteen ounces of extract, twelve ounces of refin, one gros or 
dram of fait, three ounces feven gros of denfe oil or aroma. 

Mr. Bocquet propofed to extract the fedative principle, by dif- 
folvingit in the cold, and afterwards evaporating it ; Mr. Joffe, 
by agitating it in cold water ; Me firs. De Laflbne and Cornettc, 
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by diflblving, filtering it feveral times, and always evaporating it 
to the confidence of an extract. 

The fedative principle is a medicine of the greatefl value, be- 
caufe it does not produce that drunkennefs and ftupor which are 
too commonly the effects of crude opium. 

When a plant does not afford its juice by incifion, this may 
happen either becaufe the quantity is too fmall, or becaufe its con- 
fidence is not fufficiently fluid ; or becaufe there is not a fuffi- 
ciently perfect communication between the veffels of the plant 
to permit the flowing of all the juice. In thefe cafes the de fired 
effect may be produced either by fimple mechanical preffure, as 
in extracting the juice of hypociftus and acacia ; or by the aifift- 
ance of water, which foftens the texture of the vegetable, at the 
fame time that it diffolves and carries off the juice. 

Concerning Vegetable Juices extracted by Preffure. 

Thefucculent vegetables afford their juice by fimple preffurej 
and the method of performing this operation is nearly the fame 
in all plants. When it is intended to extract the juice of a plant 
it is warned, cut into fmall pieces, pounded in a marble mortar, 
put into a linen bag, and preffed in a prefs. 

There are fome ligneous plants, fuch as fage, thyme and the 
leffer centaury, whofe juices cannot be extracted without the ad- 
dition of a fmall quantity of water •, there are other very fuccu- 
lent plants, fuch as borage, burglofs and chicory, whofe juices are 
fo vifcid and mucilaginous, as not to pafs through a cloth unlefs a 
fmall quantity of water be added during the pounding. Inodo- 
rous plants may likewife be left to macerate, in order to prepare 
them for the extraction of their juices. The vegetable juices 
may be clarified by fimple repofe, or by filtration ; when very 
fluid, by white of egg, or animal lymph, boiled with them •, and 
when the juices contain principles- which may be evaporated, 
fuch asthofeof fage, balm, marjorum, &c. the vial which contains 
the juice is plunged into boiling water, after having clofed it 
with a paper with a hole pierced through it; and when the 
juiee is clarified, it is taken out, dipped in cold water, and de- 
canted. 

The juice of acacia is extracted from the fame tree which af- 
fords gum arabick. The fruits of this tree are collected before 
they are ripe j then pounded, preffed, and the juice dried in the 
fun : it forms balls of a blackifh brown internally, redder ex- 
ternally, and of an aftringent tafte. 

A juice is prepared with unripe floes, which is fold under the 
name of German Acacia, and does not differ much from that 
of Egypv 
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The juice of hypociftus is extracted from a parafitical plant 
which grows on theciftus in the ifland of Crete. The fruit is 
pounded, the juice extracted by preflure, and thickened in the 
fun ; it becomes black, and of a firm confidence. 

Thefe two laft mentioned juices are ufed in medicine as a£« 
tringenta, 



SECTION IV. 

Concerning fuch principles as efcape from Vegetables by Tranfpifatioa. 

V EGETABLES, being endued with digeftive organs* 
throw ofFall fuch principles as cannot be aflimilated by them ; 
and when the functions of the vegetable are not favoured by 
fuch caufes as facilitate them the nutritive juices are rejected 
nearly unaltered, We (hall here attend to three principal 
fubftances that exhale from vegetables, viz. aix, water, and 
aroma. 

ARTICLE I. 

Concerning Oxigenous Gas afforded by Vegetables. 

Dr. Ingenhoufz publifiied, in the year 1779, Experiments 
upon Vegetables, in which he affirms that plants pofTefs the prop- 
erty of emitting vital air when acted upon by the direct rays of 
the fun ; and that they emit a very mephitick air in the fhade, 
and during the night. 

Doctor Prieftjy made known the fame refults at the fame time, 
as well as Mr. Senebier of Geneva, who neverthelefs did not 
publifh a work on this fubject until the year 1782, in which he 
admits, as a general principle, that plants fufFer vital air to ef- 
cape in the fun fhine : but he maintains that they do not pro- 
duce mephitick air in the fhade ; and is of opinion that, if Dr. 
Ingenhoufz obtained any, it arofe from a commencement of pu« 
trefaction in the plant. 

The fimpleft p*ocefs for extracting this gas from vegetables, 
confifts in immerfino; them under water, beneath an inverted 
glafs veflel. It is then fcen, when the fun acts on the plant, 
that fmall bubbles are emitted, which gradually grow larger, a- 
rife from the fibres of the leaf, and afcend to the furface of the 
fluid. 
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All plants do not afford g<is with the fame facility. There 
are fome which emit it the moment the fun acts upon them : 
fuch are the leaves of the jacobcea, of lavender, and of fome aro- 
matick plants. In other plants the emiffion is flower ; but in 
none later than feven or eight minutes, provided the fun's light 
be ftrong. The air is almoft totally furnifhed by the inferiour 
furface of the leaves of trees : it is not the fame with herbs ; for 
thefe afford air from nearly the whole of their furface, accord- 
ing to Senebier. 

The leaves afford more air when attached to the plant than 
when gathered ; and the quantity is likewife greater the frefher 
and founder they are. 

Young leaves afford but a fmall quantity of vital air ; thofe 
which are full grown afford more, and the more the greener 
they are. Leaves which are injured, yellow, or red, do not af- 
ford it. 

Frefh leaves cut in pieces afford air ; and the oxigene gas 
is capable of being emitted without the plant being plunged 
underwater, as is proved from the experiments of Mr. Senebier. 

The parenchyma of the leaf appears to be the part which e- 
mitsthe air. The epidermis, the bark, and the white petals, do 
not afford air ; and in general it is only the green part of plants 
which affords oxigenous gas. Green fruits afford air, but thofe 
which are ripe do not : and the fame is true of grain. 

It is proved that the fun does not act in the production of 
this phenomenon as a body which heats. The emiifion of this 
gas is determined by the light •, and I have even obferved that 
a ftrong light, without the direct action of the fun's rays, is fuf- 
ficient to produce this phenomenon. 

It is provefd by the experiments of Mr. Senebier, that an acid 
diluted in w-ater increifes the quantity of air which is difenga- 
ged, when the water is not too much acidulated •, and in this 
cafe the acid is decompofed. 

It has been obferved that the conferva affords much vital air ; 
as well as the green matter which is formed in water, and is fup- 
pofed by Ingenhoufz to be a collection of greenifh infects. 

Pure air is therefore fenarated from the plant by the action of 
light : and the excretion is ilronger accordingly as the light is 
more vivid. It feems that light favours the work of digeftion 
in the plant ; and that the vital air, which is one of the princi- 
ples of almoft all the nutritive juices, more efpecially of water, 
is emitted, when it finds no fubftance to combine within the 
vegetable. Hence it arifes that plants whofe vegetation is the 
mod vigorous, afford the greateft quantity of air ; and hence 
likewife it is that a fmall quantity of the acid mixed with the 
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water favours the emiffion and incrcafes the quantity of ovige- 
nous gas. 

By this continual emiflion of vital air, the Author of nature 
inceflantly repairs the lofs which is produced by refpiration, 
combuftion, and the alteration of bodies, which comprehends 
every kind of fermentation and putrefaction ; and in this man- 
ner the equilibrium between the conltituent principles of the at- 
mofphere is always kept up. 



ARTICLE II. 

Concerning the Water afforded by Vegetables. 

Plants likewife emit a confiderable quantity of water, in the 
form of vapour, through their pores ; and this excretion may be 
eftimated as the moft abundant. Hales has calculated that the 
tranfpiration of an adult plant, fuch as the helianthus annuus, 
was in fummer feven times more confiderable than that of man. 

Guettard has obferved that this excretion is always in propor- 
tion to the intenfity of the light, and not of the heat ; fo that 
there is fcarcely any during the night. The fame philofopher 
has obferved that the aqueous tranfpiration is more efpecially 
made from the other furface of the leaf. The water which ex- 
hales from vegetables is not pure, but ferves as the vehicle of 
the aroma ; and even carries with it a fmall quantity of extract- 
ive matter, which caufes it to corrupt fo fpeedily. 

The immediate efFect of the aqueous evaporation confifts in 
maintaining a degree of coolnefs in the plant, which prevents 
its affirming the temperature of the atmofphere. 



ARTICLE III. 

Concerning the Aroma, or Spiritus Redror. 

Each plant has its characleriftick fmell. This odorant prin- 
ciple was diftinguifhed by Boerbaave by the name of Spiritus 
Rector, and by the moderns under the name of Aroma. 

The aroma appears to be of the nature of gas, from its fine- 
nefs, its invifibility, &c. The flighted heat is fufficient to ex- 
pel it from plants. Coolnefs condenfes it, and renders it more 
fenfible ; and on this account the fmell of plants is much ftjong- 
er in the morning and evening. 
3...P 
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This principle is fo fubtile, that the continual emiflion of it 
from a wood or flower does not diminifh its weight, even after 
a very confiderable time. 

The aroma is fometimes fixed in an extract, fometimes in an 
oil, and this laft combination is the moft ufual. It even appears 
to conftitute the volatile character of the effential or volatile 
oils. 

The nature of the aroma appears to vary prodigioufly ; at 
leafl if we may judge by the organ of fmell, which diftinguifhes 
feveral fpecies. There are fome which have a naufeous*or poi- 
fonous effect on the animal economy. Ingenhoufz quotes an 
inftance of the death of a young woman occasioned by the 
fmell of lilies, in 17 19 ; and the famous Triller reports the ex- 
ample of a young woman who died in confequence of the fmell 
of violets, while another was faved by removing the flowers. 
Martin us Cromerus exhibits likewife an example of a bifhop of 
Breflau who died by a fimilar caufe. 

The mancenille tree which grows in the Weft-Indies emits 
very dangerous vapours. The humour which flows from this 
tree is fo unwholefome, that if it drop on the hand it raifcs a 
blifter. 

The American plant lobelia longiflora produces a fuffocating 
oppreflion in the breaft of thofe who refpire in its vicinity, ac- 
cording to Jacquin, Hortus Vindobonenfis. The rhus toxico- 
dendron emits fo dangerous an exhalation, that Ingenhoufz at- 
tributes the return of a periodical diforder, which attacked the 
family of the curate of Croffen in Germany, to a bench (haded 
by this tree, under which they had the cuftom of fitting. Eve- 
ry one knows the effects of mufk and oriental faffron on certain 
perfons ; and the exhalation of the walnut-tree is confidered as 
very unwholefome. 

We may here mention the noxious property of thofe canes 
or reeds which in this country are ufed to cover roofs and dung- 
hills, &c. Mr. Poitiven faw a man who was very ill on account 
of having handled thefe canes : the parts of generation were pro- 
digioufly fwelled. A dog which had flept upon the reeds fuf- 
fered in the fame manner, and was affected in the fame parts. 

The method of extracting the aroma varies according to its 
volatility and affinities. It is in general foluble in water, alco- 
hol, oils, &c. j and thefe fluids are feverally employed to extract 
it from plants which afford it. 

When water or alcohol are ufed, they are diflilled by a gentle 
heat, and the aroma comes over with them. Simple infufion 
may be ufed j and in this way the lofs of a portion of the arom* 
is avoided. 
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Water charged with aroma is known by the name of the dif- 
tilled water of the fubftance made ufe of. The diddled water 
of inodorous or herbaceous plants does not appear to poflefa 
any virtue ; and the apothecaries have long fince decided the 
queftion, by fubftituting fpring water in its place. Spirit of 
wine combined with the fame principle, is known by the name 
of the fpirit or quinteflence of the vegetable. 

When the aroma is very fugacious, fuch as that of lilies, jaf- 
mine, or tuberofe, the flowers are put into a tin cucurbit with 
cotton ftceped in oil of ben. The cotton and the flowers are dif- 
pofed in alternate layers ; the cucurbit is clofed, and a gentle 
heat applied. In this manner the aroma is permanently combi- 
ned with the oil. 

Thefe are the three methods ufed to retain the odorant prin- 
ciple. The art of the perfumer confilts in applying them at 
pleafure to various fubftances. 

Perfumes are either dry or liquid. Among the firft we may 
place the fachets, or little perfumed bags, which contain either 
mixtures of aromatick plants, or aromas in their native ftate ; 
the perfumed powders, which obtain their fmell by a few drops 
of the folution of aroma ; the paftilles or confits which have 
fugar for their baGs, &c. 

Liquid perfumes moft commonly con fift of aroma diflblved 
in water or alcohol ; the various liqueurs, or fcented fpirituous 
cordial waters, are nothing elfe but the fame folutions diluted 
with water, and fweetened with fugar. 

For example, to make the eau divine, the bark of four citrons 
is taken, and put into a glafs alembick, with two pounds of good 
fpirit of wine, and two ounces of good orange flower water ; af- 
ter which, diftillation is performed on the fand.bath. On the 
other hand, one pound and a half of fugar is diflblved in one 
pound and a half of water. The two liquors being mixed, be- 
* come turbid j but, being left to ftand, the refult is an agreeable 
liquor. 

To make the cream of rofes, I take equal parts of rofe water, 
fpirit of wine a la rofe, and fyrup of fugar. I mix thefe three 
fubftances, and colour the mixture with the infufion cochenille. 

But it mult be allowed that, in all perfumes which are a lit- 
tle complicated, the nofe is the beft chemift that can be confult- 
ed ; and a good nofe is as requifite and eflential to a perfumer, 
as a ftronghead is to a geometer. 
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SECTION V. 

Concerning the Alterations to which Vegetables are fubjed after they are 
deprived ot life. 

J. HE fame principles which maintain life in vegetables 
and animals, become the fpeediefl agents of their deftruclion 
when dead. Nature feems to have entrufted the compofition, 
maintenance and decompofition of thefe beings to the fame a- 
gents. Air and water are the two principles which maintain 
the life in living beings ; but the moment they are dead they 
haften their alteration and diffblution. The heat itfelf, which 
affifted and fomented the functions of life, concurs to facilitate 
the decompofition. Thus it is that the frofts of Siberia pre- 
ferve bodies for feveral months ; and that in our mountains 
they are kept for a long time on the fnow, when it intercepts the 
carrying them to the place of interment. 

We (hall examine the action of thefe three agents, namely, 
heat, air, and water ; and we fhall endeavour to (how the pow- 
er and effect of each before we fhall attend to their combined 
action. 



CHAPTER I. 

Concerning the aftion of Heat upon Vegetable Subflances. 

THE diftillation of plants by a naked fire is nothing but the 
act of decompofing them by means of fimple heat. This pro- 
cefs was for a long time the only method of analyfis. The firfl; 
chemifts of Paris adopted it for the analyfis of near one thou- 
fand four hundred plants : and it was not till the commence- 
ment of the prefent century that this labour was discontinued ; 
a labour which did not feem to advance the fcience, fince in this 
way the cabbage and hemlock afforded the fame products. 

It is clear that an analyfis by the retort ought not to fhow the 
principles of vegetation : for, not to mention that heat changes 
their nature by becoming a conftituent part of the principles ex- 
tracted; thefe principles themfelves become mixed together, and 
we can never know their order or flate while in the living plant. 
The action of the heat moreover catties the vegetable principles 
to react upon each other, and confounds the whole together. 
Whence it arifes that all vegetables afford nearly the fame prin- 
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eiples ; namely, water, an oil more or lefs thick, an acid liquor, 
a concrete (alt, and a coal or caput mortuum, more or lefs abun- 
dant. 

Hales took notice that the diftillation of vegetables afforded 
much air ; and was even in poffeflion of an apparatus to collect 
and meafure it. But in our time the methods of collecting and 
confining the gaffes are Amplified ; and the hydro-pneumatick 
apparatus has proved that the fubftances are formed of a mix- 
ture of carbonick acid, hydrogene, and fometimes a little nitro- 
gene. 

The order in which the feveral products are obtained, and the 
characters they exhibit, lead us to the following obfervations : 

1. The water which paffes firft is ufually pure, and without 
fmell ; but when odorant plants are diftilled, the firft drops arc 
impregnated with their aroma. Thefe firft portions of water 
coniift of that which was fuperabundant, and impregnated the 
vegetable tiffue. When the water of compofition, or that which 
was in combination with the vegetable, begins to rife, it carries 
along with it a fmall quantity of oil, which colours it -, and 
fome portions of a weak acid, afforded by the mucilage and oth- 
er principles with which it exifted in the faponaceous ft ate. The 
phlegm likewife very often contains a fmall quantity of ammoni- 
ack : and this alkali appears to be formed in the operation itfelf; 
for there are few plants which contain it in their natural 
ftate. 

2. To the phlegm fucceeds an oily principle, little coloured at 
firft ; but in proportion as the diftillation advances, the oil which 
rife.; is thicker, and more coloured. They are all characterized 
by a fmell of burning, and an acrid tafte, that arife from the im- 
preffon of the fire itfelf. Thefe oils are moft of them refinous, 
and the nitrick acid eafily inflames them. They may be render- 
ed more fluid and volatile by repeated diftillations. 

3. In proportion as the oil comes over, there fometimes dif- 
tils cai'bonate of ammoniack, which attaches itfelf to the fides of 
the veffels. It is ufually foiled with an oil which colours it. 
This fait does not appear to exift ready formed in vegetables. 
Rouelle the younger proved that the plants which afford the moft 
of it, fuch af the cruciferous plants, do not contain it in their 
natural ftate. It is therefore found when its component parts 
are volatilized and re-united by the diftillation. 

4. All vegetables afford a very great quantity of gas by diftil- 
lation ; and their nature has an influence on the gafeous lubftan- 
ces they afford. Thofe plants which abound with refin, afford 
much more hydrogenous gas ; while fuch as abound with mucil- 
r.gc produce carbonick acjd. The mixture of thefe gnfes forms 
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an air which is heavier than the common inflammable air, oa 
which account it has been found very little adapted to aeroftat- 
ick experiments. 

The art of charring wood, or converting it into charcoal, is 
an operation nearly fimilar to the diftillation we have jufl de- 
fcribed. It confifts in forming pyramids of wood, or cones 
truncated at their fummit. The whole is covered with earth, 
well beaten, leaving a lower and upper aperture. The mafs 
is then fet on fire ; and when the whole is well ignited, the com- 
buftion is flopped by clofing the apertures through which the 
current of air palled. By this means the water, the oil, and all 
the principles of the vegetable are diffipated, except the fibre. 
The wood in this operation lofes three fourths of its weight, and 
one fourth of its bulk. According to Fontana and Morozzo, it 
abforbs air and water as it cools. I am allured, from my exper- 
iments in the large way, that pitcoal defulphurated (coaked) ac- 
quires twenty-five pounds of water in the quintal by cooling ; 
but the coal of wood did not appear to me to abforb more than 
fifteen or twenty. The futurbrand of the Icelanders is nothing 
but wood converted into charcoal by the lava which has fur- 
rounded it. — See Von Troil's Letters on Iceland. 

The charcoal which is the refidue of all thefe, distillations, 
is a fubftance which deferves an attention more particularly be- 
caufe it enters into the compofition of many bodies, and bears a 
very great part in their phenomena. 

Charcoal is the vegetable fibre very flightly changed. It molt 
commonly preferves the form of the vegetable which afforded it. 
The primitive texture is not only diftinguifhable, but ferves like- 
wife to indicate the Mate and nature of the vegetable which has 
afforded it. It is fometimes hard, fonorous and brittle ; fome- 
times light, fpongy, and friable ; and fome fubflances afford it 
in a fubtle powder, without confiflence. The coal of oils and 
Tefins is of this nature. 

Charcoal well made has neither fmell nor tafle ; and it is one 
of the mod indecompofable fubflances we are acquainted 
with. 

When dry, it is not changed by diftillation in clofe vefTels. 
But, when moid, it affords hydrogenous gas and c&rbonick acid j 
which proves the decompofition of the water, and the combina- 
tion of one of its principles with the charcoal, while the other 
is diffipated. By fucceflively moiftening and diflilling charcoal, 
it may be totally deftroyed. 

Charcoal combines with oxigene, and forms the carbonick 
acid ; but this combination does not take place unlefs their ac- 
tion be afTuted by heat. The charcoal which burns in a chaf- 
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fing-difh exhibits this refult ; and we perceive two very im- 
mediate effects in this operation : — i. A difengagement of heat 
afforded by the tranfition of the oxigenous gas to the concrete 
ftate. 2. A production of carbonick acid : it is the formation 
of this acid gas which renders it dangerous to burn charcoal ia 
places where the current of air is not fufficiently rapid to carry 
off the carbonick acid as it is formed. 

Well-made charcoal does not change by boiling in water. Ia 
procefs of time it gives a flight reddifh tinge to that fluid, which 
arifes from the folution of the coaly refidue of the oils of the 
vegetable mixed with the coaly refidue of the fibre. 

If the fulphurick acid be digefted upon charcoal, it is decom- 
pofed ; and affords carbonick acid, fulphureous acid, and ful- 
phur. 

The nitrick acid, when concentrated, is decompofed with 
much greater rapidity j for if it be poured upon very dry pow- 
der of charcoal, it fets it on fire. This inflammation may be fa- 
cilitated by heating the charcoal or the acid. If the fluid which 
arifes in this experiment be collected, it is found to be carbonick 
acid, nitrous gas, and nitrick acid. M. Prouft has obferved, that 
when the acid is poured into the middle of the charcoal, it does 
not take fire ; -but that this effect immediately fucceeds if the 
acid be fuffered to flow beneath the coal. It may even be in- 
flamed by throwing it upon the nitrick acid flightly heated. 

If weak nitrick acid be digefted upon charcoal, it diffolves it, 
affumes a red colour, becomes pally, and acquires a bitter difa- 
greeable tafte. 

Charcoal, mixed with the fulphurick and nitrick falts, decom- 
pofes them ; when combined with oxides, it revives the metals. 
All thefe effects depend on its very great affinity with the oxi- 
gene contained in thefe bodies. It is ufed to facilitate the de- 
compofition of falt-petre in fome cafes, as in the compofition of 
gun-powder, the black flux, &c. 

Rouelle has obferved that the fixed alkali diffolves a good 
quantity of charcoal by fufion. The fame chemift has difcov- 
cred that the fulphure of alkali diffolves it in the humid as well 
as the dry way. 

Charcoal is likewife capable of combining with metals. It 
combines with iron in its firft fufion, and mixes with it likewife 
in the cementation by which fleel is formed. When combined 
with iron in a fmall proportion of the metal, it conftitutes plum- 
bago. It is likewife capable of combining with tin by cementa- 
tion ; to which metal it gives a brilliancy and hardnefs, as I find 
by experiment. 
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CHAPTER II. 

Concerning the Atfion of Water fingly to Vegetables. 

WE may confider the action of water upon vegetables in two 
very different points of view. Either the chemift applies this 
fluid to the plant itfelf, to extract and feparate the juices from 
the ligneous part : or elfe the plant itfelf, being immerfed in 
this fluid, is from this time delivered to its fingle action ; and in 
that fituation becomes gradually changed and decompofed in a 
peculiar manner. In thefe two cafes, the products of the opera- 
tions are very different. In the firft, the ligneous texture re- 
mains untouched, and the juices which are feparated remain un- 
changed in the fluid : in the fecond, more efpecially when ve- 
getables ferment in heaps, the nature of the juices is partly 
changed, but the oils and refins remain confounded with the lig- 
neous tiflue ; fo that the refult is a mafs in which the diforgan- 
ized vegetable is feen in a ftate of mixture and confufion of the 
various principles which compofe it. 

The chemift applies water to vegetables, to extract their jui- 
ces, according to two methods, which conflitute infufion and 
decoction. 

Infufion is performed by pouring upon a vegetable a fufficient 
quantity of hot water to diflblve all its principles. The temper- 
ature of the water mult be varied according to the nature of the 
plant. If this texture be delicate, or the aroma very fugacious, 
the water rauft be flightly heated ; but boiling water may be ufed 
when the texture is hard and folid, and more efpecially when 
the plant has no fmell. 

Decoction, which confilts in boiling water with the vegeta- 
ble, ought not to be employed but with hard and inodorous 
plants. This method is rejected by many chemifts •, becaufc 
they affirm that, by thus tormenting the plant, a confiderable 
quantity of fibrous matter becomes mixed with the juices. De- 
coction is generally banifhed from the treatment of odorant 
plants, becaufe it difhpates the volatile oil and aroma. The de- 
coction ufed in our kitchens to prepare leguminous plants for 
food, has the inconvenience of extracting all the nutritive parts, 
and leaving only the fibrous parenchyma. Hence arifes the ad- 
vantage of the American pot or boiler, in which the garden-fluff 
is boiled by fimple vapour, and confequently the nutritive prin- 
ciple remains in the vegetable; to which advantage we may add 
that of ufing any water whatever, becaufe the fleam alone is ap- 
plied to the intended purpofe. 
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But the infufion, decoction, and clarification of juices, is not 
left to the choice of the chemift, when it is required to prepare 
any medicine; for thefe methods produce furprifing varieties in 
the virtue of remedies. Thus, for example, according to Storck, 
the concentrated juice of hemlock has no good qualities unlefs it 
be evaporated without being clarified. 

In treating juniper berries by infufion, and evaporation on 
a water bath to the confiftence cC honey, an aromatick extract 
is obtained, of a faccharine colour : the decoction of the fame 
berries affords a lefs fragrant and lefs refinous extract, becaufe 
the refin feparates from the oil, and falls down. 

The extract of grapes which is called refine in France, and 
mod fweetmeats, are prepared in this way. 

Extracts are prepared in the large way for fale by the affift- 
ance of water. We (hall confine ourfelves to fpeak of two on- 
ly, the juice of liquorice and of cachou. The firft will afford 
an example of decoction, and the fecond of infufion. 

The extract of liquorice is prepared in Spain by decoction 
of the fhrub of the fame name. This plant grows abundantly 
near our ponds -, and we might at a fmall expenfe avail ourfelves 
of this fpecies of induftry : I have afcertained that a pound of 
this root affords two or three ounces of good extract. The 
apothecaries afterwards prepare it in various ways for their 
feveral purpofes, and to render its ufe more convenient and a- 
greeable. 

The cachou is extracted in the Eaft-Indies from an infufion 
of the feeds of a kind of palm. While the feed is yet green, it 
is cut, infufed in hot water ; and this infufion is evaporated to 
the confiftence of an extract, which is afterwards made into 
lumps, and dried in the fun. M. de Juffieu communicated to 
the Academy, in the year 1720, remarks by which he afcertains 
that the differences in the feveral kinds of cachou arife from the 
various degrees of maturity in the feeds, and the greater or lefs 
quicknefs with which the extract is dried. 

The cachou of commerce is ufually impure ; but it maybe 
cleared of its impurities by diffolving, filtering, and evaporating 
it feveral times. 

The tafte of cachou is bitter and aftringent. It diffolves very 
well in the mouth, and is ufed as a reftorative for weak ftom- 
achs : it is made into comfits by the addition of three parts of 
fugar, and a fufficient quantity of gum adragant. 

When vegetables are immerfed in water, their texture be- 
comes relaxed ; all the foluble principles are carried off; and 
there remains only the fibrous part diforganized, and impreg- 
nate d with vegetable oil, altered and hardened by the reaction 
3...0 
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of other principles. This tranfition may be very well obferved 
in marfhes, where plants grow and perifh in great numbers, 
forming mud by their decompofition. Thefe ftrata of decom- 
pofed vegetables, when taken out of the water and dried, may be 
ufed as the material of combuftion. The fmell is unwholefome ; 
but in (hops, or places where the chimneys draw well, this com- 
buftible may be ufed. 

Vegetables have been confidered as the caufe of the forma- 
tion of pit-coal ; but a few foreits being buried in the earth, 
are not fufficient to form the mountains of coal which exifl in 
its bowels. A greater caufe, more proportioned to the magni- 
tude of the effect, is required ; and we find it only in that pro- 
digious quantity of vegetables which grow in the feas, and is (till 
increafed by the immenfe mafs of thole which are carried down 
by rivers. Thefe vegetables, carried away by the currents, are 
agitated, heaped together, and broken by the waves ; and after- 
wards become covered with ftrata of argillaceous or calcareous 
earth, and are decompofed. It is eafier to conceive how thefe 
maffes of vegetables may form ftrata of coal, than that the re- 
mains of {hells fhould form the greater part of the globe. 

The direct proofs which may be given of the truth of this 
theory are — 

i . The prefence of vegetables in coal mines. The bamboo 
and bannana trees are found in the coal of Alais. It is common 
to find terreftrial vegetables confounded with marine plants. 

2. The prints of (hells and of fifh are likewife found in the 
ftrata of coal, and not unfrequently fhells themfelves. The pit- 
coal of Orfan and that of Saint Efprit contain a prodigious num- 
ber. 

3. It is evidently fesn, by the nature of the mountains which 
contain charcoal, that their formation has been fubmarine ; for 
they all confift either of fchiftus, or grit, or limeftone. The 
fecondary fchiltus is a kind of coal in which the earthy principle 
predominates over the bituminous. Sometimes even this fchif- 
tus is combuftible, as is feen in that of St. George near Milhaud. 
The texture of the vegetables, and the impremon of fifh, are ve- 
ry well preferved in the fchi.'tus. The origin of the fchiftus is 
therefore fubmarine ; and confequently fo likewife muft be the 
origin of the coal diftributed in ftrata through its thicknefs. 

The grit-ftone confilis of fand heaped together, carried into 
the fea by the rivers, and thrown up again ft the ftores by the 
waves. The ftrata of bitumen which are found in thefe can- 
not therefore but come from the fea. 

Calcareous earth rarely contains ftrata of coal, but is merely 
impregnated with it, as at St. Ambroife, at Servas, Sec. where 
the bitumen forms a cement with the calcareous earth. 
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Concerning Pit-Coal. 

Pit-coal is ufually found in ftrata in the earth, almoft always 
in mountains of fchiftus or grit. It is the property of coal to 
burn with flame, and the emiflion of much fmoke. 

The fecondary fchiftus is the bafis of all pit-ccal, and the 
quality of the coal rnoftly depends upon the proportion of this 
bafis. When the fchiftus predominates, the coal is heavy and 
leaves a very abundant earthy refidue after its combuftion. 
This kind of coal is veined internally with ll.it pieces, or rather 
feparate maffes, of fchiftus nearly pure, which we cdWficbes. 

As the formation of the pyrites, as well as that of coal, arifes 
from the decomposition of vegetable and animal fubftances, all 
pit -coal is more oriels pyritous; fo that we may confider pit- 
coal as a mixture of pyrites, fchiftus, and bitumen. The differ- 
ent qualities of coal arife therefore from the difference in the 
proportions of thefe principles. 

When the pyrites is very abundant, the coal exhibits yellow 
veins of the mineral, which are decompofed as foon as they 
come in contact with the air ; and form an efflorefcence of ful- 
phate of magnefia, of iron, of alumine, &c. 

When pyritous coal is fet on fire, it emits an infuppcrtable 
fmell of fulphur ; but when the combuftion is infenfible, in- 
flammation is frequently produced by the decompofition of the 
pyrites ; and it is this which occafions the inflammation of fev- 
eral veins of coal. There are veins of coal on fire at St. 
Etienne in Forez, at Cramfac in Rouergue, at Roquecremade in 
the diocefe of Beziers ; and it is not rare to fee the fire deftroy 
confiderable mafTes of pyritous coal, when the decompofition is 
favoured by the concurrence of air and water. If the inflam- 
mation be excited in more confiderable mafTes of bitumen, the 
effects are then more finking j and it is to a caufe of this na- 
ture that we ought to refer the origin and effect of volcanos. 

When the fchiftus or flaty principle predominates in coals, 
they are then of a bad quality, becaufe their earthy refidue is 
more confiderable. , 

The belt coal is that in which the bituminous principle is the 
moft abundant, and exempt from all impurity. This coal fwells 
up when it burns, and the fragments adhere together : It is 
more particularly upon this quality that the practice of the op- 
eration culled dcfuip'.iarating or purifying of coal defends. 
This operation is analogous to that in which wood is converted 
into charcoal. In the defulphuration, pyramids are made, 
which are fet on fire at the centre. When the heat has ftrong- 



5°8 Properties of Pit-Coal. 

ly penetrated the mafs, and the flame iffues out of the fides, it is 
then covered with moift earth \ the combuftion is fuffocated, 
the bitumen is diffipated in fmoke, and there remains only a light 
fpungy coal, which attracts the air and humidity, and exhibits 
the fame phenomena in its combuftion as the coal of wood. 
When it is well made, it gives neither flame or fmoke ; but it 
produces a ftronger heat than that of an equal mafs of native 
Coal. This operation received the name of defulpharating (de- 
foufrage) from a notion that the coal was by this means deprived 
of its fulphur •, but it has been proved that all coals which arc 
capable of this operation contain fcarcely any fulphur. 

It was for a long time fuppofed that the fmell of pit-coal was 
unwholefome ; but the contrary is now proved. Mr. Venel has 
made many experiments on this fubject, and is convinced that 
neither man nor animals are incommoded by this vapour. Mr. 
Hoffman relates that diforders of the lungs are unknown in the 
villages of Germany, where this combuitible only is ufed. I 
think that coal of a good quality does not emit any dangerous 
vapour ; but when it is pyritous its fmell cannot but be hurtful. 
The ufe of coal is generally applicable to the arts ; and na- 
ture appears to have concealed thefe magazines of combuiiible 
matter, to give us time to repair our exhaufted forefts. Thefe 
mines are very abundant and numerous in the kingdom of 
France. Our province contains many, and we have more than 
twenty which are in full work. Pit coal is applied in England 
even to domeftick ufes, and this part of mineralogy is very 
much cultivated in that kingdom. Individuals have there un- 
dertaken the mod considerable enterprises in this way. The 
Duke of Bridgewater has made a canal, at Bridgewater, two 
thoufand five hundred toifes in length, to facilitate the working 
of the coal mines in Lancafhire. It coft five millions of livres ; 
part of it is carried under a mountain •, and it paffes fucceffively 
under as well as over rivers and highways. In our province we 
are in want of roads only for the tranfportation of our coal ; and 
Languedoc has not had the fpirit to perform a work which a 
private individual has executed in England. 

In Scotland, Lord Dundonald has erected furnaces in which 
the bitumen is difengaged from coal ; and the vapours are re- 
ceived and condenfed in chambers, over which he has caufed 
a river to flow for the purpofe of cooling them. Thefe con- 
denfed vapours fupply the Engliih navy with as much tar as it 
requires. Becher in his work entitled " Foolifh Wifdom, or 
Wife Folly," printed at Franckfort in 1683, affirms that he fuc- 
ceeded in appropriating the bad turf of Holland, and the bad 
coal of England^ to the common ufes. He adds that he obtain- 
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cd tar fuperiour to that of Sweden by a procefs fimilar to that 
of the Swedes. He affirms that he had made this known in En- 
gland, and mown it to the king. 

Mr. Faujus has carried the procefs of the Scotch nobleman in- 
to execution at Paris. The whole confifts in fetting fire to the 
coal,and extinguifhing it at the proper time, that the vapour may 
pafs into chambers containing water for the purpofe of conden- 
fing them. This tar appeared to be fuperiour to that of wood. 
Pit coal likewife affords ammoniack by diftillation, which is 
diffolved in water, while the oil floats above. 

When coal is deprived by combuftion of all the oil and other 
volatile principles, the earthy refidue contains the fulphatesof 
alumine, iron, magnefia, lime, &c. Thefe falts are all formed 
when the combuftion is flow ; but when it is rapid the fulphur 
is diffipated, and there remain only the aluminous, magnefian, 
« calcareous, and other earths. The alumine mod commonly 
predominates. # 

Naptha, petroleum, mineral pitch, and afphaltes, are only 
flight modifications of the bituminous oil fo abundant in pit coal. 
This oil, which the fimpleheat of the decompofition of the py- 
rites is fufficient to difengage from the coal, receives other mod- 
ifications by the impreffion of the external air. 

Petroleum, or the oil petrol, is the firft alteration. This oil 
is found near volcanos, in the vicinity of coal mines, &c. We 
are acquainted with feveral fprings of this petroleum. There 
is one at Gabian in the diocefe of Beziers. It is carried out by 
the water of a fpring which iffues from the lower par., of a 
mountain whofe fummit is volcanized. 

The fmell of petroleum is difagreeable : its colour is reddifh ; 
but it may be rendered clear by diftilling it from the clay of 
Murviel. 

Naptha is merely a variety of petroleum. 
Near Derbens, on the Cafpian Sea, there are fprings of nap- 
tha, which Kempfer vifited about a century ago, and of which 
he has left a description. 

There is a place known by the name of the Perpetual Fire, 
where the fire burns without ceafing. The Indians do not at- 
tribute the origin of this inextinguifhable fire to naptha ; but 
they maintain that God has confined the Devil in this place to 
deliver man from him. They go in pilgrimage thither, and 
make their prayers to God that he will not fuffer this enemy of 
mankind to efcape. 

The earth impregnated with naptha is calcareous, and effer- 
vefces with acids ; it takes fire by the contact: of any ignited 
body whatever. 
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This perpetual fire is of great ufe to the inhabitants of ' 
They pare off the furface of this burning foil, upon which they 
make a heap of lime (tones, and cover it with the earth pared 
off i and in two or three days the lime is made. 

The inhabitants of the village of Frogann repair to this place 
to cook their provifions. 

The Indians affemble from/all parts to adore the Eternal Be- 
ing in this place. Several temples were built, one of which is 
ftill in exiftence. Near the altar there is a tube inferted in the 
earth, two or three feet in length ; out of which iffues a blue 
flame, mixed with red. The Indians proftrate themfelves be* 
fore this tube, and put themfelves into attitudes which are ex- 
ceedingly ftrange and painful. 

Mr. Gmelin oblerves that two kinds of naptha are diftingqifh- 
ed in this country y the one tranfparent and yellow, which is 
found in a well. This well is covered with (tones fmeared with 
a cement of fat earth, in which the name of Kan is engraved ; 
and no one is permitted to break this fealed covering but thofe 
who are deputed from the Kan. 

Mineral pitch is likewife a modification of petroleum. It is 
found in Auvergne, at a place called Puits de Lapege, near A- 
lais, in an extent of feveral leagues, which comprehends Servas, 
Saint Ambroix, &c. 

The calcareous (tone is impregnated with a bitumen which is 
ibf tened by the heat of fummer, when it (lows from the rocks, 
and forms a very beautiful (talaclites. It forms mafles in the 
fields, and impedes the paflage of carriages : the peafants ufe 
it to mark their fheep. This (tone emits an abominable fmell 
when rubbed. The epifcopal palace of Alais was paved with it 
in the time of Mr. Davejan j but it became neceffary to fubfti- 
tute other (lone in its ftead. 'it is ailerted that mineral pitch was 
ufed to cement the walls of Babylon. 

Afphaltes, or bitumen Judaicum, is black, brilliant, ponder- 
ous, and very brittle. 

It emits a fmell by friction ; and is found floating on the wa- 
ter of the lake Afphaltites, or the Dead Sea. 

The afphaltes of commerce is extracted from the mines of 
Annemore, and more particularly in the principality of Neufcha- 
tel. Mr. Pallas found fprings of afphaltes on the banks, of the 
Sock, in Pruffia. 

Moil naturalifts confider it 2s amber decompofed by fire. Af- 
phaltes liquefies on the fire, fwells up, and affords flame, with 
an acrid difagreeable fmoke. 

By diftillation it affords an oil refembling petroleum. The 
Indians and Arabs ufe it initead of tar, and it is a component 
part of the varnifh of the Chinefe. 
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Yellow amber, karabe, or the electron of the ancients, is in 
yellow or brown pieces, tranfparent or opaque, capable of a pol- 
ish, becoming electrick by friction, &c. 

It is friable and brittle. 

There is no fubftance on which the imagination of poets has 
been more exercifed than this. Sophocles had affirmed that it 
was formed in India by the tears of the fillers of Meleager, chan- 
ged into birds, and deploring the fate of their brother ; but one 
of the molt interefting fabulous origins which have been attrib- 
uted to it, is afforded by the fable of Phaeton burning the hea- 
vens and the earth, and precipitated by the thunder of Jove in- 
to the waters of Eridanus. His fillers are defcribed weeping ; 
and the precious tears fell into the waters without mixing with 
them, became folid without lofing their tranfparency, and were 
converted into the* yellow amber fo highly valued by the an- 
cients. — See Bailly. 

Amber poflefleslefs coaly matter than any other bitumen. 

It is frequently found difperfed over ftrata of pyritous earth, 
and covered with a ftratum of wood, abounding with a blackiffi 
bituminous matter. 

It is found floating in the Baltick Sea, on the coall of Ducal 
Pruffia •, it is alfo found near Siflreron in Provence. 

No other chemical ufe was for a long time made of amber, 
than to form compofitions for medicine and the arts. We are 
indebted to Neumann, Bourdelin, and Pott for a tolerably accu- 
rate analyfis of this bitumen. The two conftituent principles ex- 
hibited in the analyfis of amber, are the fait of amber, or fuccin- 
ick acid, and a bitumous oil. 

To extract the fuccinick acid, the amber is broken intofmall 
pieces, which are put into a retort, and diRilled with a fuitable ap- 
paratus upon a fand bath. When the fire is carefully managed, 
the products are — i. Aninfipid phlegm. 2. Phlegm holding a 
final 1 poriion of acid in folution. , 3. A concrete acid fair, 
which attaches itfelf to the neck of the retort. 4. A brown and 
thick oil, which has an acid fmell. 

The concrete fait always retains a portion of oil* in its firfl 
diflillatiou. SchefFer, in his Leflbns of Chemiitry, propoles to 
diftil it with fand ; Bergmann with white clay ; Pott advifes fo- 
jution in water, and filtration through white cotton ; after which 
the fluid is to be evaporated, and is found to be deprived of the 
oil, which remains on the cotton. Spielmann, after Pott, pro- 
pofes to diftil it with the muriacick acid ; it then fublimes white 
and pure. Bourdelin clears it of its oil by detonation with ni- 

.'.! ; doiibtl&fs by overfight T. 
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tre. This fait is prepared in the large way at Koningfberg, 
where the fhavings and chips of amber are diftilled. 

The fuctinick acid has a penetrating tafte, and reddens the 
tincture of turnfole. Twenty-four parts of cold water, and 
two of boiling water, diffolve one of this acid. If a faturated 
folution of this fait be evaporated, it cryftallizes in triangular 
prifms, whofe points are truncated. 

Mr. de Morveau obferves that its affinities are barytes, lime, 
alkalis, magnefia, &c. 

The oil of amber has an agreeable fmell : it may be deprived 
of its colour by diftillation from white clay. Rouelle diftilled 
it with water. When mixed with ammoniack it forms a liquid 
foap, known by the name of Eau de Luce. 

To make eau de luce, I diffolve Punick wax in alcohol, with 
a fmall quantity of oil of amber ; and on this I pour the pure 
volatile alkali. 

Alcohol attacks amber, and acquires a yellow colour. Hoff- 
mann prepares this tincture by mixing the fpirit of wine with 
an alkali. 

The medical ufe of amber confifts in burning it, and receiv- 
ing the vapour on the difeafed part. Thefe vapours are ftrength- 
ening, and remove obftructions. The oil of amber is applied 
to the fame ufe. A fyrup of amber is made with the fpirit of 
amber and opium, which is ufed to advantage as a fedative ano- 
dyne medicine. The fined pieces of amber are ufed to make 
toys. Wallerius affirms that the mod tranfparent pieces may be 
ufed to make mirrors, prifms, &c. It is laid that the king of 
Pruffia has a burning mirror* of amber one foot in diameter ; 
and that there is a column of amber in the cabinet of the Duke 
of Florence ten feet high, and of a very fine luftre. 

Concerning Volcanos. 

The combuftion of thofe enormous mafTes of bitumen which 
are depofited in the bowels of the earth, produces volcanos. 
They owe their origin more efpecially to the ftrata of pyritous 
coal. The decompofition of water upon the pyrites determines 
the heat, and the production of a great quantity of hydrogen- 
ous gas, which exerts itfelf againft the furrounding obfhcles, 
and at length breaks them. This effect: is the chief caufe of 
earthquakes ; but when the concourfe of air facilitates the com- 

* So in the original ; but the matter as well as the properties of this 
fubftance put it out of doubt that it ihould be lens. T. 
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buftion of the bitumen and the hydrogenous gas, the flame is 
feen to iffue out of the chimneys or vents which are made : and 
this occafions the fire of volcanos. ' 

There are many volcanos (till in an active ft ate on our globe, 
independent of thofe of Italy, which are the moft known. The 
abbe Chappe has defcribed three burning in Siberia. Anderfon 
and Von Troll have defcribed thofe of Iceland. Alia and Afri- 
ca contain feveral: and we find the remains of thefe fires or 
volcanick products in all parts of the globe. 

NaturaUfis inform us that all the fouthern iflands have been 
volcanized ; and they are feen daily to be formed by the action 
of thefe fubterraneous fires. The traces of fire exift even im- 
mediately around us. The (ingle province of Languedoc con- 
tains more extinct volcanos than twenty years ago were known 
to exilt through all Europe. The black colour of the (tones, 
their fpungy texture, the other products of fire, and the identic , 
ty of thefe fabftances with thofe of the volcanos at preient 
burning, are all in favour of the opinion that their origin was 
the fame.* 

* A volcano was announced and defcribed to be burning in Langftedoc, 
reflecting which it is qeceffary to give forne elucidation. This pretf 
volcano is known by the nam; of the Phofphoriis of Venejan: 

Venejan is a village (ituated. at the diftaace of a quarter ot a league 
from the high road between St. Efprit and Bagnols. From tune immem- 
orial at the return o; fpring, a fire was feen from the high road, which m- 
creafed during the iummer, was gradually extinguu'hed in i autumn, and 
was vifible only in the night. Several perfons had at various times directed 
their court'e from the high road, in a right line towards Venejan, to verify 
the fact upon the fpot ; but the neccflity of descending into a deep valley 
before they could arrive thither, occaGoned them tolofe light ot the fire; 
and on their arrival atVenej in i in the lead refembling 

the fire of a volcano. Mr.dc GCnflane defcribes this phenomenon, and 
compares it to the flaming of a ftrong aurora borealis : he even fays that 
the country is volcanick. Hift. Nat. du Languedoc, Diocefe de'Uzes.— 
At length, in the courie of the laftfour or five years, it was obferved that 
thefe fires were multiplied in the fpring; and that, initead of one, there 
were three. Certain Philofophers of Bagnols undertook the project of ex- 
amining this phenomenon more cloT-ly', and for this pitrpbfe they repaired 
• to a (pot between the high road am I with tore!': 

trumpet", and every other iraplemeni which they cone;:. 
for making their obfervations. At midnight, lour or five of the party 
were deputed and directed towards the lire; and thofe who ren 
behind dire conftantlv in their way by means of their fpeaking 

trumpets. They at laft arrived at the i iere they found 

croupes of women winding (ilk in the middle of the ftreet by the light ot 
made of hemp (talks. All the volcanick phenomena then difap- 
peared, and the explanation of the obfervations 1 made on this lubject be- 
came very fimple. In the fpring, the lire was weak, becaufe it was fed 
with wood, which afforded heat and light ; during the furhmer, hemp 
ftalks were burned, becaufe light only was wanted. At that time there 
were three fires, - fair of Saint Efprit was near at hand, at which 

3...R 
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When the d&ompofition of the pyrites is advanced, and the 
vapours and elaitiek Huid can no longer be contained in the bow- 
els of the earth, the ground is ih.ak.en, and exhibits the phenom- 
ena of earthquakes. Mephitick vapours are multiplied on the 
furface of the ground, and dreadful hollow noifes are heard. In 
Iceland, the rivers and fprings are fallowed up ; a thick fmoke 
mixed with fparks and lightning is then difengaged from the 
crater ; and naturaliits have obferved that, when the fmoke of 
Vefuvius takes the form of a pine, the eruption is near at hand. 

To thefe preludes, which (how the internal agitation to be 
great, and that obltacles oppefe the iflue of the volcanick matters, 
fucceeds an eruption of (tones and other products, which the la- 
va drives before it : and lattly appears a river of lava, which 
flows out, and fpreads itfelf down the fides of the mountain. 
At this period the calm is reftored in the bowels of the earth, 
and the eruption continues without earthquakes. The violent 
efforts of the included matter fometimes caufe the fides of the 
mountain to open ; and this is the caufe which has fucceflively 
formed the fmaller mountains which furround volcanos. Mon- 
te nuovo which is a hundred and eighty feet high, and three thou- 
fand in breadth, was formed in a night. 

This crifis is fometimes fucceeded by an eruption of afhes, 
which darken the air. Thefe afhes are the laft refult of the al- 
teration of the coals j and the matter which is firlt thrown out 
is that which the heat has half vitrified. In the year 1767, the 
allies of Vefuvius were carried twenty leagues out to fea, and the 
ftreets of Naples were covered with them. The report of Dion, 
concerning the eruption of Vefuvius in the reign of Titus, where- 
in the afhes were carried into Africa, Egypt, and Syria> feems 
to be fabulous. Mr. de Sauflure obferves that the foil of Rome 
is of this character, and that the famous catacombs are all made 
in the volcanick allies. 

It muft be admitted, however, that the force with which all 
thefe produces are thrown, is aftonifhing. In the year 1769, a 
ftone twelve feet high, and four in circumference, was thrown 
to the diftance of a quarter of a mile from the crater : and in the 
year 1 771, Sir William Hamilton obferved (tones of an enor-' 
mous fize, which employed eleven feconds in falling. 

The eruption of volcanos is frequently aqueous : the water, 
which is confined, and favours the decompofition of the pyrites 

they fold their (ilk, and which confequently put them under the necefli- 
rv of expediting their work. As thefe obfervers announced their arrival 
with much noiie, the country people drove them back by a (Lower of 
itones, which the Don Quixotes of natural hiitoi y might have taken for a 
volcanick eruption. 
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is fometimes ftrongly thrown out. Sea fait is found among the 
ejected matter, and likewife fal ammoniack. In the year 1630, 
a torrent of boiling water, mixed with lava, deftroyed Portici 
and Torre del Greco Hamilton faw boiling water ejected. 
The jprings of boiling water in Iceland, and all the hot fprings 
which abound at the furface of the globe, owe their heat only to 
the decompofition of pyrites. 

Some eruptions are of a muddy fubftance ; and thefe form 
the tufa, and the puzzolano. The eruption winch buried Her- 
culaneum is of this kind. Hamilton found an antique head, 
whole impreffion was well enough preferved to anfwer the pur- 
pofe of a mould. Herculaneum, at the leaft depth, is feventy 
feet under the furface of the ground, and often at one hundred 
and twenty. 

The puzzolano is of various colours. It is ufually reddifh ; 
fometimes grey, white, or green ; it frequently conn ft s of pum- 
ice ftone in powder ; but fometimes it is formed of calcined 
clay. One hundred parts of red puzzolano afforded Bergmann, 
filex 55, alumine 20, lime 5, iron 20. 

When the lava is once thrown out of the crater, it rolls in 
large rivers down the fide of the mountain to a certain diftance, 
which forms the currents of lava, the volcanick caufeways, &c. 
The furface of the lava cools, and forms a folid crult, under 
which the liquid lava flows. After the eruption, this crult 
fometimes remains, and forms hollow galleries, which Meffrs. 
Hamilton and Ferber have vifited : it is in thefe hollow places 
that the fal ammoniack, the marine fait, and other fubftances 
fublime. A Java may be turned out of its courfe by oppofing 
banks or dikes again ft it : this was done in 1669, to lave Catan- 
ia ; and Sir William Hamilton propofed it to the king of Naples, 
to preferve Portici. 

The currents of lava fometimes remain feveral years in cool, 
ing. Sir William Hamilton obferved, in 1769, that the lava 
which flowed in 1766 was ftill fmoking in foine places. 

When the current of lava is received by water its cooling is 
quicker ; and the mafs of lava fhrinks fo as to become divided 
into thofe columns which are called bafaites. The famous 
Giants Cauleway is the molt aftonifhing effect of this kind which 
we arc acquainted with. It exhibits thirty thoufand columns 
in front, and is two leagues in length along the lea coaft. 
Thefe columns are between fifteen and fixteen inches in diame- 
ter, and from twenty-five to thirty feet long. 

The bafaites are divided into columns of four, five, fix, and 
feven fides. The emperor Vefpafian made an entire ftatue 
with fixteen children, out of a fingle column of bafaites, which 
he dedicated to the Nile, in the temple of Peace. 
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Bafaltes afforded Bergmann, per quintal, fi'ex 56, alumine 15, 
lime 4, iron 21?. 

Lava is ibmetimes fwelled up and porous. The ligTiteft is 
called pumice-ftone. 

The fubftances thrown out by volcanos are not altered by fire. 
They eject native fubftances, fuch as quartz, cryftals of ame- 
tliyft, agate, gypfum, amianthus, feld-fpar, mica, (hells, fchorl, 
&c. 

The fire of volcanos is feldom flrong enough to vitrify the 
matters it throws out. We know only of the yellowiih capilla- 
ry and flexible glafs thrown out by the volcanos of the ifland of 
of Bourbon on the fourteenth of May 1766, (M. Commerfon,) 
and the lapis gallinaceus ejected by Hecla. Mr. Egolfrjoufon, 
who is employed by the Obfervatory at Copenhagen, has fettled 
in Iceland, where he ufes a mirror of a telefcope which he has 
made out of the black agate of Iceland. 

The flow operation of time decompofes lavas, and their re- 
mains are very proper for vegetation. The fertile ifland of Si- 
cily has been every where volcanizcd. I obferved feveral an- 
cient volcanos at prefent cultivated •, and the line which fepa- 
rat.es the other earths from the volcanick earth, conftitutes the 
limit of vegetation. The ground over the ruins of Pompeia is 
highly cultivated. Sir William Hamilton confiders fubterrane- 
an fires as the great vehicle ufed by nature to extract virgin earth 
out of the bowels of the glooe, and repair the exhaufted furface. 

The decornpofition of lava is very flow. Strata of vegetable 
earth, and pure lava, are occasionally found applied one over the 
other ; which denote eruptions made at diftances of time very 
remote from each other, fince it requires nearly two thoufand 
years before lava receives the plough. i\n argument has been 
drawn from this phenomenon to prove the antiquity of the 
globe : but the filence of the moft ancient authors concerning the 
volcanos of cur kingdom, of which we find fuch frequent traces, 
proves that thefe volcanos have been extinguiihed from time 
immemorial; a circumftance which carries their exiflence to a 
very diftant period. Befides this, feveral thoufand years of con- 
nected obfervations have not afforded any remarkable change in 
Vefuvins or Etna ; neverthelefs, thefe enormous mountains are 
ail volcanized, and confequently formed of flrata applied one 
upon the other. The prodigy becomes much more ftriking, 
when we obferve that all the furrounding country, to very great 
diftances, 1 thrown out of the bowels of the earth. 

The height of Vefuvius above the level of the (ca is three thott- 
fand fix hi .id fifty-nine feet ; its circumference thirty, 

four thou dred and forty-four. The height of Et- 
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na is ten thoufand and thirty-fix feet •, and its circumference 
one hundred and eighty thoufand. 

The various volcanick produces are applicable to feveral ufes. 

1. The puzzolano is of admirable ufe for building in the wa- 
ter : when mixed with lime, it fpeedily fixes itfelf, and water 
does not foften it, for it becomes continually harder and harder. 
I have proved that calcined ochres afford the fame advantage 
for this purpofe ; they are made into balls, and baked in a pot- 
ter's furnace in the ufual manner. The experiments made at 
Sette, by the commiffary of the province, prove that they may 
be fubftituted with the greateft advantage, inftead of the puz- 
zolano of Italy. 

2. Lava is likewife fufceptible of vitrification ; and in this 
ftate it may be blown into opaque bottles of the greateft light- 
nefs, as I have done at Erepian and at Alais. The very hard la- 
va, mixed in equal parts in wood alhes and foda, produced an 
excellent green glafs. The bottles made of it were only half 
the weight of- common bottles, and much ftronger ; as was 
proved by my experiments, and thofe which Mr. Joliy de Fleu- 
ry, ordered to be made under his adminiftration. 

-j. Pumice (tone likewife has its ufes ; it is more efpecially 
ufed to polifh moft bodies which are fomewhat hard. It is em- 
ployed in the mafs or in powder, according to the intended pur- 
pofe. Sometimes, after levigation, it is mixed with water to 
render it fofter. 

CHAPTER III. 

Concerning the Decompofition of Vegetable:: in the Bowels of the Earth. 

HERBACEOUS plants, buried in the earth, are flowly decom- 
pofed ; but the waters which filter through and penetrate them 
relax their texture. The falts are extracted j and they become 
converted into a ftratum of blackifh matter, in which the vege- 
table texture is ftiil difcernible. Thefe ftrata are fometimes 
perceived in digging into the earth. But this alteration is infi- 
nitely more perceptible in wood itfelf, than in herbaceous plants. 
The ligneous body of a tree buried under the ground becomes 
of a black colour, more friable, and breaks fhort ; the fracture is 
{hining ; and the whole mafs appears, in this ftate, to fortn an 
uniform fubftance, capable of the finelt polifh. The wood thus 
changed is called Jet. In the environs ci Monrpellier, near St. 
John de Cucule, feveral cart loads of trunks of frees have been dug 
up whole form was perfectly preferred, but which were convert- 
ed into jet. In the works at Nifincs pieces.of wood were found 
entirely Converted into the ftate of jet. In the neighbourhood 
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of Vachcry, in Gevaudan, a jet is found, in which the texture 
of the walnut tree is very difcernible. The texture of the beech 
is feen in the jet of Bofrup in Scania. In Guelbre a forefl of 
pines has been difcovered buried beneath the fand ; and at 
Beichlitz two llrata of coal are wrought, according to Mr. Jars, 
the one bituminous, and the other of foffil wood. I preferve 
in the cabinet of mineralogy of Languedoc, ieveral pieces of 
wood whofe external part is in the Rate of jet, while the inter- 
nal part (till remains in the ligneous ftate ; fo that the tranfition 
from the one to the other may be ohferved. 

Jet is capable of receiving the moft perfect polifh. It is 
made in toys, fuch as buttons, fnufF boxes, neck laces, and other 
ornaments. It is wrought in Languedoc, near Saint Colombe, 
at the dillance of three leagues from Caftelnaudray. It is 
ground down, and cut into facets, by mills. 

Jet foftens in the fire, and burns with the emiffion of a fetid 
odour. It affords an oil which is more or lefs black, but may 
be rendered colourlefs by repeated diftillations from the eartk 
of JMurviel. 



CHAPTER IV. 

Concerning the Aclion of Air i*id Heat upon Vegetables. 

"WHEN the heat is applied to a vegetable expofed to the air, 
certain phenomena are produced, which depend on the com- 
bination of pure air with the inflammable principles of the 
plant *, and this is combuftion. 

In order to produce a commencement, a heated body is ap- 
plied to the dry wood which is intended to be fet on fire. By 
this means the principles are volatilized in the fame order as we 
have pointed out in the preceding article. A fmoke is produc- 
ed, which is a mixture of water, oil, volatile falcs, and all the 
gafeous produces which refult from the combination of vital air 
with the feveral principles of the vegetable. The heat then in- 
creafes by the combination of the air itfelf, becaufe it pafles to 
the concrete (late : and when this heat is carried to a certain 
point, the vegetable takes fire, and the combuftion proceeds un- 
til all th» inflammable principles are deftroyed. 

In this operation there is an abforption of vital air, and a pro- 
duction of heat and light. The combuflion wili be ftronger in 
proportion as the inflammable principle is more abundant, as 
the aqueous principle is lets abundant, as the wood is more re- 
finous, and as the air is purer and more condenfed. 
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The difengagement of heat and light is more confiderable, ac- 
cordingly as the combination of vital air is ftronger in a given 
time. 

The refid ues of combuftion confift of fubftances which are 
volatilized, and fixed fubftances j the one forms the foot, the 
other the a flies. 

The foot partly arifes from fubftances imperfe&ly burned, 
decompofed only in part, which have efcaped the action of vital 
air. Hence it is that the foot may be burned over again : and 
hence likewife it is that, when the combuftion is very rapid and 
effectual, there is no perceptible fmoke j becaufe all the inflam- 
mable matter is then deftroyed, as in the cylinder lamps, violent 
fires, Sec. 

The analyfis of foot exhibits an oil which may be extracted 
by diftillation ; a refin which may be taken up by alcohol, and 
which arifes either from the imperfect alteration of the refin of 
the vegetable, or the combination of vital air with the volatile 
oil. It likewife affords an acid, which is often formed by the 
decompofition of mucus ; and it is this acid, of great utility in 
the arts, for which the Academy of Stockholm has defcribeda 
furnace proper for collecting it. Soot likewife affords volatile 
falts, fuch as the carbonate of ammoniack, and others. A flight 
portion of fibrous matter is likewife volatilized by the force of 
the fire, and we find it again in the foot. 

The fixed principle remaining after combuftion, forms the 
afhes. They contain falts, earths, and metals, of which we 
have already treated. The fairs are fixed alkalis, fulphates, ni- 
trates, muriates, &c. ; the metals are iron, gold, manganefe, &c* 
and the earths are alumine, lime, filex, and magnefia. 



CHAPTER V. 

Concerning the Atfion of Air and Water, which determine a Commence- 
ment of Farmentation that feparates the Vegetable Juices from the Lig- 
neous Part. 

WHEN the decompofition of vegetables is facilitated by the 
alternate action of air and water, their organization becomes 
deftroyed-, the connection between the various principles is 
broken ; the water carries away the juices ; and leaves the fibrous 
flcdeton naked, fufiiciently coherent, and fufficiently abundant 
in certain vegetables, to be extracted in this way. Hemp i* 
prepared in this manner. The abbe Rczier attributes the ad- 
vantage of watering to the fermentation of the mucilaginous 
part. M. Prozet has proved that hemp contains an extractive 
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and refinous part ; and that the watering deflroys the former, 
and the fecond is detached almod mechanically. It has been 
obferved that the addition of a fmall quantity of alkali favours 
this operation. 

Running water is preferable to (landing water ; becaufe {land- 
ing water keeps up and developes a ftronger fermentation, 
which attacks the ligneous part. It has been obferved that flax 
prepared in running water is whiter and ftronger than that which 
is prepared in (landing water. The (tagnant water has likewife 
the inconvenience of emitting an unpleafant fmejl, pernicious to 
the animal economy. The addition of alkali corrects and pre- 
vents this effect. 

In the diocefe of Lodeve the young (hoots of the Spamfh gene,t 
are prepared by a very fimple procefs. It is fown on the high 
grounds, where it is left for three years ; at the end of which 
time the fprigs or young (hoots are cut, and formed into bun- 
dles, which are fold from twelve to fifteen fous each. The firfl 
operation confitls in crufhing them with a beetle. The follow- 
ing day they are laid in a running dream, with (lones upon 
them, to prevent their being warned away. In the evening 
they are taken out, and laid in a heap on the banks of the river, 
upon draw or fern, covering them with the fame, and loading 
the heap with (lones : this operation they call mettre a couvert. 
Every evening they throw water on the heap. At the end of 
eight days they open the mafs, and find that the bark is eafily 
feparated from the wood. They take, the packets, one after the 
other, and beat and rub them (trongly with a flat (lone, till the 
epidermis of the extremities is well cleared off, and the whole 
Item becomes white. It is then hung to dry ; and the bark 
which was feparated from the ligneous fubftance, is carded and 
fpun, and made into very ufeful cloth. The peafants are ac- 
quainted with no other linen for cloths, facks, (hirts, &c Eve- 
ry one prepares his own, none being made for fale. 

The genet, genida juncea, has likewife the advantage of af- 
fording a green food to cattle during the winter ; at the fame 
time that it fupports the earth by its roots, and prevents its be- 
ing carried down into the vallies. The bark of the mulberry 
tree may be treated in the fame manner. Olive de Serres has 
defcribed a good procefs for this purpofe. 

It is the (keleton formed by the vegetable fibre only, and de- 
prived of all foreign matter, which is ufed to make cloth ; it is 
the mod incorruptible principle of vegetation, and when this 
fibre, being converted into cloth, can no longer be ufed as fuch, 
it is ftibjeded to extreme divifion, to convert it into paper. The 
operations for this purpofe are the following :— The rags are 
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cleaned, and laid in water to rot ; after which they are torn by 
hooked peftles moved by water : the fecond peftles under which 
they are made to pafs, are not armed with hooks like the firft, 
but merely with round nails ; the third are of wood only. By 
this means the rags are converted into a pafte, which is attenu- 
ated (till more by boiling. This pafte is received in wire 
moulds, dried, and forms blotting paper. Writing paper is dip- 
ped in fiae, and fometimes glazed. 

CHAPTER VI. 

C oncerning the Aflion of Air, of Heat, and of Water, upon Vegeta- 
bles. 

WHEN the various juices of vegetables are diffufed in water, 
and the action of this fluid is favoured by the combined action 
of air and heat, a decompofition of thefe juices en fues. The 
oxigenous gas may be confidered as the firft agent of fermenta- 
tion : it is afforded either by the atmofphere, or by the water 
which is decompofed. 

It was from an obfervation of thefe facts that Becher thought 
himfelf authorized to confider fermentation as a kind of combuf- 
tion : — " Nam combuftio, feu calcinatio per fortem ignem, licet 
putrefactionis fpecies, eidemque analoga fit — fermentatio ergo 
definitur, quod fit corporis denfioris rarefactio, particularumque 
aerearum interpofitio, ex quo concluditur debere in aere fieri, 
nee nimium frigido nec.nimium calido, ne partes raribiles expel* 
Iantur, in aperto tamen vafe, vel tantum vacuo ut partes rare- 
fied queant ; nam ftricla clofura, et vafis impletio, fermentation- 
em totaliter impedit" — Becher, Phyf. Subft. f. i. 15, v. cap. 11, 

P-3'3- 

The conditions neceffary for the eftablilhment of fermenta- 
tion are — 1. The contact of pure air. 2. A certain degree o£ 
heat. 3. A quantity of water more or lefs confiderable, which 
produces a difference in the effects. 

The phenomena which effentially accompany fermentatioa 
are — 1. The production of heat. %. The abforption of oxi- 
genous gas. 

Fermentation may be afiifted — 1. By increafing the mafs of 
fermentable matter. 2. By ufing a proper leaven. 

1. By increafing the fermentable mafs, the principles on 
which the air mult act are multiplied ; confequently the action 
of this element is facilitated ; more heat is therefore produced 
by the fixation of a greater quantity of air , and consequently 
the fermentation is promoted by the two caufes which moft em- 
inently maintain it, heat and air. 
3...T 
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2. Two kinds of leaven may be diftinguifhed. i. Bodies 
eminently putrefcible, the addition of which haftens the fermen- 
tation. 2. Thofe which already abound with oxigene, and which 
confequently afford a greater quantity of this principle of fer- 
mentation. This effect is produced by the inhabitants of the 
banks of the Rhyne, by throwing frefh meat into the vintage, 
to haften the fpirituons fermentation (Linne Amcenit, Acad. 
DifTert. de Genefi Calculi) : and fo like wife the Chinefe throw 
excrements into a kind of beer, made of a decoction of barley 
and oats. And on this account it is that the acids, the neutral 
falts, chalk, rancid oils, and the metallick calces, &c. haften fer- 
mentation. 

The products of fermentation have caufed different fpecies to 
be diftinguifhed ; but this variety of effects depends on the va- 
riety of principles in the vegetables. When the faccharine prin- 
ciple predominates, the refult of the fermentation is a fpirituous 
liquor ; when, on the contrary, the mucilage is mod abundant, 
the product is acid •, if the gluten be one of the principles of 
the vegetable, there will be a production of ammoniack in the 
fermentation : fo that the fame fermentable mafs may undergo 
different alterations, which always depend on the nature and re- 
fpedtive properties of the conftituent principles, the fufceptibili- 
ty of change, &c. Thus a faccharine liquid, after having un- 
dergone the fpirituous fermentation, may be fubjected to the 
acid fermentation by the decompofition of the mucilage which 
had refilled the firft fermentation : but infill cafes the concourfe 
of air, water, and heat, is neceffary to develope fermentation. 
"We (hall therefore confine ourfelves to the examination of thefe 
three agents — r. On the juices extracted from vegetables, and 
diffufed in water, which conftitutes the fpirituous and acid fer- 
mentations ; 2. On the vegetable itfelf, which will lead us to 
the formation of vegetable mould, ochres, &c. 



ARTICLE I. 

Concerning the Spirituous Fermentation and its Products. 

That fermentation is diftinguifhed by the name of Spirituous, 
which affords ardent fpirit, or alcohol, as its product or refult. 

It may be confidered as a fundamental principle, that no fub- 
ftances are capable of this fermentation but faccharine bodies. 
Pure fugar mixed with water forms taffia, or rum, by fermenta- 
tion ; and we find this principle in the analyfis of all the bodies 
which are fufceptible of it. 
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In order to develope this fermentation, there is required, i. 
The accefs of air. 2. A degree of heat between ten and fifteen 
of Reaumur. 3. The divifion and expreflion of the juice con- 
tained in the fruits, or in the plant. 4. A mafs or volume 
fomewhat confiderable. 

We will make the application of thefe principles to the fer- 
mentation of grapes. When thefe are ripe, and the faccharinc 
principle is developed, they are then prefixed, and the juice which 
flows out is received in veffels of a proper capacity, in which 
the fermentation appears, and proceeds in the following manner 
— At the end of feveral days, and frequently after a few hours, 
according to the heat of the atmofphere, the nature of the grapes 
the quantity of the liquid, and the temperature of the place in 
which the operation is performed, a movement is produced in 
the liquor, which continually increafes ; the volume of the flu- 
id increafes ; it becomes turbid and oily ; carbonick acid is dif- 
engaged, which fills all the unocupied part of the veflel, and 
the temperature riles to the 1 8th degree. At the end of feveral 
days thefe tumultuous motions fubfide, the mafs falls, the liquor 
becomes clearer, and is found to be lefs faccharine, more odor- 
ant, and of a red colour, from the reaction of the ardent fpirit 
upon the colouring matter of the pellicle of the grape.* 

The caufes of an imperfect fermentation are the following ; 
I. If the heat be too little, the fermentation languishes, the fac- 
charine and oily matters are not fufficiently elaborated, and the 
wine is undhious and fweet. 

2. If the faccharine body be not fufficiently abundant, as 
happens in rainy feafons, the wine is weak, and the mucilage 
which predominates caufes it to become four by its decomposi- 
tion. 

3. If the juice be too watery, concentrated and boiling mull 
is added. 

4. If the faccharine principle be not fufficiently abundant, 
the defect rr^ay be remedied by the addition of fugar. JYlac- 
quer has proved th.it excellent wine may be made of verjuice 
and fugar ; and Mr. de Bullion has made wine at Bellejames 
with the verjuice of his vine rows and moid fugar. 

There have been many difputes to determine whether grapes 
ihould be prefTed with the italics or without. It feerns to me 

* Richardfon, in hisTreatife on Brewing, infifis much on the differ- 
ence between the i'pecifick gravity of the fluid before and after fermenta- 
tion, which he conliders as proportional to the itrer.gth or inebriating 
quality at" the fluid. Fermented liquors have a lefs fpedfick gravity than 
they poffeffed before the fermentation. This ciccurriftante well deferveS 
the uLtei'itioii of the manufacturer. T. 
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that this depends on the nature of the fruit. When they' are 
highly charged with faccharine and mucilaginous matter, the 
ftalk corrects the infipidity of the wine by its bitter principle : 
but when, on the contrary, the juice is not too fweet, the italk; 
Tenders it drier, and very rough. 

The wine is ufually taken out of the fermenting veffelfi at the 
the period when all the phenomena of fermentation have fubfi-» 
ded. When the mafs is fettled, the colour of the liquor is well 
developed, when it has become clear, and its heat has difap- 
peared •, it is put into cafks, where, by a fecond 'infenfible fer- 
mentation, the wine is clarified, its principles combine more 
perfectly together, and its tafte and fmell become more and 
more developed. 

If this fermentation be (lopped or fuffocated, the gafeous 
principles are retained, and the wine is brifker, and more of the 
nature of muft. Becher had very proper ideas of the effects of 
thefe two fermentations. 

Diftinguiter autem inter fermentationem apertum et claufnm ; 
in aperta potus fermentatus fanior eft, fed debiiior ; in claufa 
non ita fanus, fed fortior : caufa eft quod evaporantia rarefacta 
corpufcula imprimis magna adhuc fiiveftrium fpirituum ccpia, 
de quibus antea egimus, retineatur et in ipfum potum fe pre-? 
cipitet, unde valde eum foriem reddit. Becher, Phyf. Subt. 
lib. i, v. V. cap. ir, p. 313. 

It appears, from the interesting experiments of the Marquis 
de Bullion, that the vinous fermentation does not take place 
unlefs tartar be prefent. 

By evaporating the mufl of grapes, a fait is obtained, which 
has the appearance of tartar, and forms fait of Seignette with 
the alkali of foda. A large quantity of fugar is alfo obtained. 
For this purpofe the tartar is firft to be extracted i after which 
the mutt having evaporated to the confidence of a thick fyrup, 
is to be left for fix months in a cellar. At the expiration of 
this time, the fugar is found in a confufed ftate of cryftaliiza- 
tion ; and this being walhed with fpirit of wine, to carry off 
the colouring part, becomes very fine and pure. 

Wine deprived of this tartar ferments no more, and the fer- 
mentation is in proportion to the abundance of the tartar. 
Cream of tartar produces the fame effect. 

It appears that thefe falts act only as leavens, to facilitate the 
decompofition of the faccharine principle. 

The juice of grapes is not the only vegetable fluid fufcepti- 
of the fpirituous fermentation. 

Apples contain a juice which eafily ferments, and produces 
aider. Wild apples are ufually employed for this pur. 
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Thefe are bruifed, and the juice pre fled out, which ferments 
and exhibits the fame phenomena as the juice of grapes. 

In order to have cider fine, it is to be decanted oft the lees 
as foon as the tumultuous fermentation has fubfided, and it be- 
gins to be clear. Sometimes, in order to render it milder, a 
certain quantity of the juice of apples recently exprefTed is ad- 
ded, which produces a lecond fermentation in the cider lefs 
ftrong than the firft. The cider which is left to ftand on the 
lees acquires ftrength by that means. Cider affords the fame 
products as wine ; but the brandy obtained from it has a dif- 
agreeable flavour, becaufe the mucilage, which is very abundant 
in the cider, is altered by the action of the heat of diftillation. 
But if it be cautioufly diftilled, it affords excellent brandy, ac- 
cording to the experiments of M. Career. 

The juice of the harfheft kind of pears affords, by fermenta- 
tion, a kind of cider called Perry. 

Cherries likewife afford a tolerably good wine ; and a kind 
of brandy is obtained from them, which the Germans call Kir- 
fchenwaffer. 

In Canada the fermentation of the faccharine juice of the ma- 
ple affords a very good liquor ; and the Americans, by fermen- 
ting the impure fyrup^ of fugar with two parts of water, form a 
liquor which affords the fpirit called Talna, or Rum, by the 
Englifh. 

A drink called Beer is likewife prepared with certain grain ; 
fuch as wheat, oats, and barley •, but more efpecially with the 
latter. I. The grain is made to fproutor vegetate, by fteeping 
it in water, and placing it in a heap. By this means the gluti- 
nous principle is deltroyed. 2. It is torrefied or ftoved, to (top 
the progrefs of the fermentation, and fit it for the mill. 3 It 
is lifted, to feparate the fprouts or radicles. 4. It is ground 
into a very coarfe flour, named Malt. 5. The malt is infufed 
in hot water, in the mam tub. This diflblves the fugar and the 
mucilage, and is called the firft wort. It is then drawn off, 
heated, and again poured on the malt, which forms the fecond 
wort.* 6. This infufion, or wort, ia boiled with a certain 
quantity of hops, which communicate an extractive refinous 
principle to it. 7. An acid leaven, or ferment, is added, and it 
is poured into a cooler, where it undergoes the fpirituous fer- 
mentation. When the fermentation has fubfided, it is itirred 



* In our breweries this practice is only ufed for double ales : and the 

■ Dumber of times the fame 
ed, and the d malhirg affbrdsfniall 

r 
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and put into cafks, where it continues to ferment, and throws 
off a frothy fcum by the bung, which becomes four, and ferves 
as a ferment for future brewings under the name of Yeaft. 

The product of all the fubltances is a liquor more or lefs col- 
oured, capable of affording ardent fpirits, by diftillation, of an 
aromatick and refinous fmell, a penetrating hot tafle, which 
Simulates the action of the fibres. 

Wine is an excellent drink, and is alfo ufed as the vehicle of 
certain medicines. Such are — i. The emetick wine, which is 
prepared by digefling two pounds of good white wine on four 
ounces of the crocus metailorum. 2. Chalybeated wine, made 
by digefling one ounce of fteel filings in two pounds of white 
wine. 3. The wines in which plants are infufed ; fuch as 
wormwood, forrel, and the liquid laudanum of Sydenham, which 
is made by digefling for feveral days two ounces of fliced opium, 
one ounce of faffron, one dram of pounded cinnamon and of 
cloves, in one pound of Spanifh wine. 

We (hall proceed to examine the conflituent principles of 
thefe fpirituous liquors by taking that of grapes for an example. 
The moment the wine is in the cafk, a kind of analyfis takes 
place, which is announced by the reparation of fome of its con- 
flituent principles ; fuch as the tartar which is depofited at the 
fides, and the lees which are precipitated to the bottom : fo that 
there remain only the ardent fpirit and the colouring matter 
diffufed in a volume of liquid, which is more or lefs confider- 
able. 

1. The colouring principle is of a refinous nature, and is con- 
tained in the pellicle of the grape ; and the fluid ir. not coloured 
until the wine is formed ; for unril then there is nothing which 
can dillblve it ; and hence it is that white wine may be made cf 
red grapes, when the juice of the grape is exprefTed, and the 
half thrown away. 

If wine be evaporated, the colouring principle remains in the 
refidue, and may be extracted by fpirit of wine. 

Old wines lofe their colour, a pellicle being precipitated, 
which is either depofited on the fides of the bottles, or falls to 
the bottom. If wine beexpofed to the heat of the fun during 
the fummer, the colouring matter is detached in a pellicle, 
which falls to the bottom j when the vefTel is opened, the dis- 
colouring is more fpeedy, and it is effected^ in two or three days 
during the fummer. The wine thus deprived of its colour is 
not perceptibly weakened. 

2. Wine is ufually decompofed by diftillation ; and the firft 
product of the operation is known by the name of Brandy. 
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Brandies have been made fince the thirteenth century; and 
it was in Languedoc where this commerce firft originated. Ar- 
nauld de Villeneuve appears to have been the author of this 
difcovery. The alembicks in which wine was diftilled confided 
for a long time of a kind of boiler, furmounted with a long cyl- 
indrick neck, very narrow, and terminating in an hollow hemi- 
fphere, in which the vapours were condenfed. To this fmall 
capital was adapted a narrow tube, to convey the fluid into the 
ferpentine or worm pipe. This diftiliatory apparatus has been 
fucceffively improved. The column has been confiderably low- 
ered ; and the (tills generally adopted for the diflillation of wines 
in Languedoc are nearly of the following form. The body of 
the Mill is flat at bottom, and the fides rife perpendicularly to 
the height of twenty one inches. At this height the fides in- 
cline inwards, fo as to diminifii the opening to twelve inches. 
This opening ends in a neck of feveral inches long, which re- 
ceives the bafis of a fmall covering called the head, which ap- 
proaches to the figure of an inverted cone. From the angle of 
the upper bafe of the capital, there iffues a fmall beak, intended 
to receive the vapours of brandy, and tranfmit them into the 
worm pipe to which it is adapted. This worm pipe has five 
or fix turns, and is placed in a tub, which is kept filled with cold 
water, to conder.fe the vapours. 

The body of the ftill is ufually furrounded by the mafonry as 
high as the neck, and the bottom only isexpofed to the immedi- 
ate action of the fire. An afh-hole, which is too fmall, a fire- 
place large enough, and a chimney place oppofitc the door of 
the fire-place, conftitute the furnaces in which thefe Hills are 
fixed . / 

The ftill is charged with between five and fix quintals of wine : 
the diflillation is made in eight or nine hours ; and from fixty to 
feventy.five pounds of pit-coal are confumed in each diltillation. 

Every judicious perfon muft be aware of the imperfection of 
this apparatus. Its principal faults are the following : 

1. The form of the body is fuch as to contain a column of 
wine of con fiderable height and little breadth, which being act- 
ed on by the fire at its bafe, is burned at that part before the up- 
per part is heated. 

2. The contraction of the upper part renders the diftillation 
more difficult and flow. In fact, this inclined part being con- 
tinually ftruck by the atr, condenfes the vapours, which incef- 
fantly return into the boiler. It likewife oppofes the free paf- 
fage of the vapours, and forms a kind of eolopiie, as Mr. Bauma 
has obferved ; fo that the vapours, being comprelfed at this nar- 
row neck, react on the wine, and oppofe its further afcent. 
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3. The capital is not conftru&ed in a more advanfgj 
manner. The upper part becomes of the fame temperature 
the vapours, which cannot therefore be condenfed, and, by their 
reaction, either, fu/pend or retard the diflillation. 

4. In addition to this imperfect form of the apparatus, is 
joined the mofl difadvantageous method of adminiftering the 
fire. The ad-hole is every where much contracted ; the fire- 
place is very large, and the door fhuts badly. In confequence 
of this, a current of air pjiflfes between the combultible matter 
and the bottom of the (till, and the flame is driven into the 
chimney, without being turned to advantage. A violent fire is 
therefore required to heat the ftove only to a moderate degree, 
in this defective confirmation. 

Several other degrees of perfection have been fucceffively ob- 
tained in the manufactories of Mr. Joubert : but I have judged 
it poffible to add Mil! more to what was known, and the follow- 
ing are the principles I fet out from. 

The whole art of diftiilation is reduced to the two following 
principles: — 1. The vapours ought to be difengaged, and raifed 
in the mod economical manner -, 2. And their cohdenfation 
ought to be as fpeedy as pofllble. 

To anfwer the firft of thefe conditions, it is neceffary that the 
boiler fhould prefent the largelt pofllble furface to the fire, and 
that the heat fhould be every where equally applied. 2. The 
fecond condition requires that the afcent of the vapours fhould 
not be impeded, and that they fhould ftrike againlt cold bodies, 
which fhall rapidly condenfe them. 

The (tills which I have conftrucled upon thefe principles are 
more broad than high ; the bottom is concave, in order that 
the fire maybe nearly at an equal diftance from all the points of 
its furface ; the fides are elevated perpendicularly in fuch a man- 
ner that the body exhibits the form of a portion of a cylinder ; 
and this body is covered with a vaft capital, furrounded by its 
refrigeratory. This capital has a groove or channel, projecting 
two inches at its lower part within : the fides have an inclina- 
tion of fixty-five degrees ; becaufe I have afcertained that, at 
this degree, a drop of brandy will run along without falling 
again into the {till. The beak of the capital is as high and as 
wide as the capital itfelf, and infenfibly diminifhes till it comes 
to the worm-pipe itfelf. The refrigeratory accompanies the 
beak, or neck, and has a cock at its further end, which fuffers 
the water to run out, while its place is fupplied by other cold 
water, which incefTantly (lows in from above. 

When the water of the refrigeratory begins to be warm, a 
cock is then opened, that it may efcape in proportion as it i# 
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more plentifully fupplied from above. By this means the wa- 
ter is kept at an equal temperature, and the vapours which ftrike 
againft the fides of the head are condenfed, at the fame time 
that thofe which rife fuffer no obftacle, as they are fubjedted to 
no contraction of fpace. In this conftrudtion, the worm pipe 
may be almoft difpenfed with, becaufe the water in the worm 
tub does not become perceptibly heated. 

Thefe proceedings are very economical and advantageous 
for the quality of the brandy is better, and the quantity is 
larger. 

The diftillation of the wine is kept up until the produdt is no 
longer inflammable. This brandy is put into calks, when it be- 
comes coloured by the extraction of arelinous principle contain- 
ed in the wood. 

The wine of our climates affords one fifth or one fourth of 
brandy, of the proof ftrength of commerce. 

The diftillation of brandy by a more moderate heat affords a 
more volatile fluid, called Spirit of Wine, or Alcohol. To make 
common fpirit of wine, brandy is taken and diftilled on a wa- 
ter bath by diftillation.* This fpirit of wine may be purified 
and rectified by ftibfequent diftillations, and taking only the fir ft 
portions which come over. 

Alcohol is a very inflammable and very volatile fubftance. It 
appears to be formed by the intimate union of much hydrogene 
and carbone, according to the analytic, of Mr. Lavoifier. This 
fame chemift obtained eighteen ounces of water by burning one 
pound of alcohol. If well deph.legrmi.ed alcohol be digefted 
upon calcined pot-afh, and afterwards diftilled, a very fweet al- 
cohol is obtained, and a faponaceous extract which affords alco- 
hol, ammoniack, and an empyreumatick oil. In this experiment 
the formation of volatile alkali appears to arife from the combi- 
nation of the hydrogene of the alcohol with the nitrogene of the 
pot-afh. 

There are various methods ufed in the arts to judge of the 
degree of concentration of fpirit of wine. Gunpowder is put 
into a fpoon, and moiftened with fpirit of wine, which is fet on 
fire : if the powder takes fire, the fpirit is confidered to be 



• The ardent fpirit fold in London by the frame of Spirit of Wine, or 
Lamp Spirit, is made by the rectifiers of malt and melaffes fpirit in Lon- 
don, by diftillation of the r -iiducs of their compounded fpirits. It is pret- 
ty conih.iuiy or the fi.ccitk.k gravity of 0,845 at t' ie temperature of 60 
Knrehheit ; arid may, by careful re^ificatioa, b«f-brought nearly up to 
0,810. Dry alkali deprives it of more of its vfiitr. On the fubject of 
the ftrength of fpiiits, conftut B'agdea in PJiii. Tracf. vol. htxxi. T. 
8...U 
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good ; but the contrary, if this effect does not take place. But 
this method is fallacious, becaufethe effect depends on the pro- 
portion in which the fpirit of wine is ufed ; a fmall quantity al- 
ways inflames the powder •, and a drong dofe never produces 
this effect, becaufe the water which remains foaks into the pow- 
der, and defends it from the combuftion. 

The areometer of Mr. Baume is not to be depended on ; be- 
caufe, in the ufe of it, no account is kept of the temperature of 
the atmofphere, which, by changing the denfity of the fpirit of 
wine, is produaiveof a change in the refult as given by this in- 
flrument. That of Mr. Bories is more accurate, becaufe the 
thermometer is adapted to it •, and is now ufed in commerce. 

Alcohol is the folvent of refins, and of mod aromatick fub- 
ftances ; and confequently it forms the bafis of the art of the 
varnifher and of the perfumer. 

Spirit of wine combined with oxigene forms a liquor nearly 
infoluble in water, which is called ether. 

Ether has been formed with mod of the known acids. 
The mod ancient of all is the vitriolick or fulphurick ether. 
1 o make this, a certain quantity of alcohol is put into a retort, 
arid an equal weight of concentrated fulphurick acid is gradu- 
ally added. The mixture is fhaken and agitated, to prevent 
the retort from breaking by the partial effect of the heat which 
arifes. The retort is then placed on a heated fand bath, a re- 
ceiver is adapted, and the mixture is heated to ebullition. Alco- 
hol firft paffes over ; foon after which, ftreams of fluid appear 
in the neck of the retort, and within the receiver which denote 
the rifing of the ether. Its fmell is agreeable. Vapours of ful- 
phureous acid fucceed the ether } and the receiver mud be ta* 
ken away the moment they appear. If the didillation be contin- 
ued, fulphureous ether is obtained, and the oil which is called 
Etherial Oil, or the fweet oil of wine ; and that which remains 
in the retort is a mixture of undecompofed acid, fulphur and a 
matter refembling bitumens. f 

We fee that in this operation the fulphurick acid is decom- 
pofed j and that the oxigene by combining with the hydrogene 
and the carbone of the alcohol, has formed three dates, which 
we alfo find in the didillation of fome bitumens— I. A very vol- 
atile oil or ether. 2. Etherialoil. 3. Bitumen. 

If the fulphurick acid be digefted upon ether, it converts the 
whole gradually into etherial oil. 

When the ether is mixed with fulphureous vapours, it muft 
be reaified by a gentle heat ; a few drops of alkali being firft 
poured in, to combine with the acid. 
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Sulphurick ether may be made very economically, by ufing a 
leaden (till with a head of copper well tinned. In this way I 
prepare it by the quintal without any difficulty. 

Mr. Cadet has propofed to pour on the refidue of the retort 
one third part of good alcohol, and to diftil it in the ufual 
Way. 

Ether is very light, very volatile, and of a pleafant fmell. It 
is foeafdy evaporated, that if a fine rag be fteeped in this liquor 
then wrapped round the ball of the thermometer, and the inftru- 
rrient be agitated in the air, the thermometer finks to the freez- 
ing point.* 

Ether eafily burns, and exhibits a blue flame. It is very fpar- 
ingly foluble' in water. 

Ether is an excellent antifpafmodick. It mitigates pains of 
the colick as if by enchantment, as it does likewife external 
pains. The celebrated Bucquet had accuftomed himfelf fo 
much to this drink, that he took two pints per day : a rare ex- 
ample of the power of habit on the conltitution. 

The mixture of two ounces of fpirit of wine, two ounces of 
ether, and twelve drops of etherial oil, forms the anodyne li- 
quor of Hoffman. 

Meffrs. Navier, Woulfe, Laplanche, Bouge, and others, have 
defcribed various proceffes for making nitrick ether, which 
are more or lefs eafily imitated. For my part, I take equal parts 
of alcohol, and nitrick acid of commerce, of the ftrength of be- 
tween thirty and thirty-five degrees. I put the whole into a tu- 
bulated retort, which I fit to a furnace, and adapt two receivers 
one fucceeding the other. The firft receiver is immerfed in a 
veffel of water. The fecond is furrounded by a wet cloth ; and 
a fiphon communicates from its tubulure to a veffel of water in 
which it is plunged. When the heat has penetrated the mix- 
ture much vapours are difengaged, which are condenfed in 
ftriae, on the internal furfaces of the receivers, whofe external 



* Mr. Carvallo has defcribed, in the Philosophical Tranf. for 1781, a 
pleafing experiment of freezing water by means of ether. The ether is 
put into a vial fo as not completely to till it ; and in the neck of this vial 
is fitted by grinding, a tube whofe exteriour end is drawn out to a capilla- 
ry hnenefs. Whenever the bottle thus Hopped is inverted, the ether is 
urged out of the tube into a (ineftreani, in confequence of the prefTure ex- 
erted by the elaftick etherial vapour which occupies the fuperiour fpsce of 
the bottle. This ftream is directed on the outlide of a i'mall glafs tube 
containing water, which it fpeedily cools down to the freezing point ; at 
which inftanl the water becomes fuddenly opaque, in confequence of the 
ic,y cryftallization. if a bended wire be previously immerftd in the water, 
it may afterwards be drawn out, and the ice along with it. T. 
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furface is kept conftantly cold. The ether which I obtain is ve- 
ry pure and very abundant.* 

q. When the precaution of diftilling it properly is attended to, 
ctiis ether becomes nearly fimilar to the vitriolick. Meffrs. de 
Laffone and Cornette have observed that it was more fedativt. 

The diftillation of the muriatick acid with alcohol produces 
only a mixture of thefe two liquors, which is called the Dulcifi- 
ed Muriatick Acid. 

Before the theory of ethers, and the fimple procefs of com- 
bining a furplus of oxigene with the muriatick acid, were known, 
methods were invented to procure the muriatick ether, but fub r 
ftances were always made ufe of in which the muriatick acid 
was oxigenated. In this manner it was that the baron de 
Bornes propofed the concentrated muriate of zinc, mixed and 
diftilled with alcohol ; and that the Marquis de Courtanvaux 
diftilled the mixture of a pint of alcohol with two pounds and a 
half of the fuming muriate of. tin. 

The theory of the formation of ether has in our time led to 
fimpler proceffes. 

Mr. Pelletier introduces a mixture of eight ounces of man- 
ganefe, and a pound and a half of muriate of foda, in a large 
tubulated retort ; twelve ounces of fulphurick acid, and eight 
ounces of alcohol, are afterwards added. Diftillation is then 
proceeded on 5 and ten ounces of a very etherial liquor are ob- 
tained, from which four ounces of good ether are afforded by 
diftillation and rectification. 

The very concentrated muriatick acid, diftilled from rnan^a- 
nefe in the apparatus of Woulfe, affords more ether. It is even 
fuilicient, for this purpofe, to pafsthe oxigenated muriatick acid 
through good alcohol to convert it into ether. 

This muriatick ether has the greateft analogy with the ful- 
phurick. It differs from it in two characters only — 1. It emits, 
in burning, a fmell as penetrating as that of the fulphurick acid. 
2. Its tafte is flyptick, refembling that of alum. 

From thefe experiments it is evident that ether is merely a 
combination of alcohol with the oxigene of the acids mack ufe 

* The ingenious author has forgotten to caution the inexperienced chem- 
ift :igAinft the danger of mixing thefe two liquors. The nitrous acid must 
;,' t v [ded to the fpirit of wine, by fmall portions at a time. 

-< ( i s eafon, to be of great importance, that tht nitrous 




tion of fpirit ; whereas, where the contrary method is adopted, tl 
portion of fpirit will always be greater than that of the acid, until th 
tt u.i,(iu;y ot acid is added. T. 
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of. I have even obtained an etherial liquor by repeated diftil- 
lations of good alcohol from the red oxide of mercury. 

The idea of Macquer, who confidered ether as fpirit of wine 
dephlegmated, or deprived of water, had little foundation ; for 
the distillation of the fpirit of wine from the moft concentrat- 
ed or dried alkali, never affords any thing but fpirit of wine 
more or lefs dephlegmated. 

Concerning Tartar. 

Tartar is depofited on the fides of caflcs during fermentation : 
it forms a lining more or lefs thick, which is fcraped off." Thi$ 
is called crude tartar, and is fold in Languedoc from ten to fif- 
teen livres the quintal. 

All wines do not afford the fame quantity of tartar. New- 
man remarked that the Hungarian wines left only a thin ftra- 
tum ; that the wines of France afforded more ; and the Rhen- 
ilh wines afforded the purefl and the greatefl: quantity. 

Tartar is diftinguifhed, from its colour, into red or white : 
the firft is afforded by red wine. 

The pureft tartar exhibits an imperfectly cvyftallized appear- 
ance : the form is the fame we have affigned to the acidulous 
tmrite of pot-afh ; and it is this quality which is called grained 
tartar (tartre grenu) in our refineries at Montpellier. 

The tafte of tartar is acid and vinous. One ounce of water, 
at the temperature of ten degrees above o of Reaumur, diffolves 
no more than 10 grains : boiling water diffolves more, but it falls 
down in cryftals by cooling. 

Tartar is purified from an abundant extractive principle by 
procefies which are executed at Montpellier and at Venice. 

The following is the procefs ufed at Montpellier : — The tar- 
tar is diffolved in water, and fuffered to cryftallize by cooling. 
The cryftals are then boiled in another veffel, with the addition 
of five or fix pounds of the white argillaceous earth of Murveil 
to each quintal of the fait. After this boiling with the earth, a 
very white fait is obtained by evaporation, which is known by, 
the name of Cream of Tartar, or acidulous cartrite of pot-afh. 

M. Defmaretz has informed us (Journal de Phyf. 1771) that 
the procefs ufed at Venice confifts — 1. In drying the tartar in 
iron boilers. 2. Pounding it, and diffolvhig it in hot water, 
which by cooling affords purer cryftals. 3. Rediffolving thefe 
cryftals in watet, and clarifying the folution by white of eggs 
fhes. 

The procef--. of Montpellier is preferable to that of Venice. 
1 he addition of ihc afnes introduces a foreign fait, which alters, 
the product. 
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The acidulous tartrite of potafli cryftallizes in tetrahedral 
prifms cut off flantwife. 

This fait is ufed by the dyers as a mordant : but its greateft 
confumption is in the north, where it is ufed at table as a fea- 
foner. 

Tartar appears to exift in the muft, and confequently in the 
grape itfelf. This has been afcertained by the experiments of 
De Rouelle and the marquis de Bullion. 

This fait exifts in many other vegetables. It is fufficiently 
proved that tamarifck and fumach contain it ; and the fame is 
true of the barberry, of balm, carduus benedi&us, reft-harrow, 
water-germander, and fage. 

The acidulous tartrite of pot-afh may be decompofed by 
means of fire, in the way of diftillation ; in which cafe the acid 
and the alkali are obtained feparately. This decompofition may 
alfo be affected by the fulphurick acid. 

The celebrated Scheele has defcribed n procefs of greater ac- 
curacy for obtaining the acid of cream of tartar. 

Two pounds of the cryftals are diflblved in water, into which 
chalk is thrown by degrees, till the liquid is faturated. A pre- 
cipitate is formed, which is a true tartrite of Kme, is taftelefs, 
and cracks between the teeth. This tartrite is put into a cucur- 
bit ; and nine ounces of fulphurick acid, with five ounces of 
water, are poured on it. After twelve hours digeftion with oc- 
cafional ftirring, the tartareous acid is fet at liberty in the folu- 
tion, and may be cleared of the fulphate of lime by means of 
cold water. 

This tartareous acid affords cryftals by evaporation ; which 
when expofed to the fire, become black, and leave a fpongy coal 
behind. 

Treated in a retort, they afford an acid phlegm, and fome oil. 

The tafte of this acid is very (harp. 

It combines with alkalis, with lime, with barytes, alumine, 
rnagnefia, &c. 

The combination of pot a(h with this acid forms cream of 
tartar, when the acid is in excefs ; which is capable of entering 
into combinations, and forming triple falts. Such is the fait of 
Seignette, or tartrite of foda, which cryftalizes in tetrahedral 
rhomboid al prifms. 

The acidulous tartrite of potafh is very fparingly foluble in 
^watcr. Boiling water diffolves only one twenty-eighth part. 
The addition of borax has been propofed to facilitate the folu- 
tion ; as likewife fugar, which is lefs efficacious than borax, 
■but makes a very agreeable and purgative lemonade v/ith tfxls 
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ARTICLE H. 

Concerning the Acid Fermentation. 

The mucilaginous principle is more efpecially the fubftance- 
on which the acid fermentation depends ; and when it has been 
ckftroyed, in old and generous wines, they are no longer capable 
of alteration, without the addition of a gummy matter, as I find 
from my own experiments. It is not true, therefore to fay 
that all fubftances which have palled through the vinou3 > fer- 
mentation, are capable of palling to the ftate of vinegar ; fince 
this change depends on the mucilage, which may not in all cafe«- 
be prefent. 

There are, therefore, three caufes neceffary to produce the 
acid fermentation in fpirituous liquors. 

I. The exiftence of mucilaginous matter, or mucilage. 2. A 
degree of heat between eighteen and twenty-five degrees of 
Reaumur. 3. The prefence of oxigenous gas. 

The procefs indicated by Boerhaave for making vinegar, is 
ftill the mod frequently rffed. It confifts in fixing two cafks 
in a warm room or place. Two falfe bottoms of bafket work 
are fixed at a certain diftance from the bottom, upon which the 
refufe of grapes and vine twigs are placed. One of thefe tuns 
is filled with wine, and the other only half filled. The fermen- 
tation begins in this laft ; and, when it is in full action, it is 
checked by filling the calk up with wine out of the other. The 
fermentation then takes place in the laft mentioned calk, that 
remained half filled ; and this is checked in the fame manner 
by pouring back the fame quantity of liquid out of the other ; 
and in this way the procefs is continued till the vinegar is made, 
which is ufually in about fifteen days. 

When the fermentation developes itfelf, the liquid becomes 
heated and turbid ; a great number of filaments are feen in it ; 
it emits a lively fmell ; and much air is abforbed, according to 
the obfervation of the abbe Rozier. 

A large quantity of lees is formed, which fubfides when the 
vinegar becomes clear. This lees is very analogous to the fi- 
brous matter. 

Vinegar is purified by diftillation. The firft portions which 
pafs over are weak ; but foon afterwards the acetous acid arifes, 
and is ftronger the later it comes over in the diftillation. The 
fluid is called Diftilled Vinegar \ and is thus cleared of. its col- 
ouring principle, and the lees, which is always more or lets 
abundant. 
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Vinegar may likewife be concentrated by expofing it to thrf 
froft. The fuperabundant water freezes, and leaves the acid 
more condenfed. 

The prefence of fpirit of wine, mucilage, and air, are necef- 
fary to form vinegar. Scheele has made it by decompofing the 
nitrick acid upon fugar and mucilage. I communicated to the 
academy at Paris (vol. 1786) an obfervation of, fome curiofity 
refpedting the formation of vinegar. Diililled water, impreg- 
nated with vinous ga?, affords vinegar : at the end of fome 
months, a depofition is made of a fubftance in flocks, which is 
analogous to the fibrous matters of vegetables. When the wa- 
ter contains fulphate of lime, an execrable hepatick odour is de- 
veloped, a depofition of fulphur is afforded, and all this is ow- 
ing only to the decompofition of this fulphurick acid. 

As in the above experiments I had placed the water above 
the vinous fluid in fermentation, to impregnate it in the carbon. 
ick acid, the alcohol which evaporates with the acid carried 
the mucilage with it ; and the effects, I obferved, are referable 
to this fubftance. 

The acetous acid is capable of combining with a ftronger 
dofe of oxigene 5 and then forms radical vinegar, or the acetick 
acid. 

To form the acetick acid, the metallick oxides are diflblved 
in the acetous acid ; the fait which is obtained being then ex- 
pofed to diflillation, affords the oxigenated acid. It has a very- 
lively fmell, is caultick, and its action upon bodies is very dif- 
ferent from that of the acetous acid. 

This acetick acid has the advantage of forming ether with al- 
cohol. For this purpofe, equal parts of the acid and alcohol 
are to be diftilled together. The product of the diflillation is 
to be again added to the refidue in the retort ; and a fmr.H 
quantity of the water of Rabel is likewife to be added. The 
whole becomes converted into ether. 

The combination of the acetous acid with pot-afh forms the 
acetite of pot-afh. 

To make this fait, pure pot-afh is faturated with diftilled vin- 
egar, the liquor filtered, and evaporated to drynefs in a glafs 
veffcl over a very gentle fire. The acetite of pot-afh has a pen- 
etrating acid tafte ; is decompofed by diflillation ; and affords 
an acid phlegm, an empyreumatickoil, ammoniack, and a large 
quantity of very cdorant gas, formed of carbonick acid and by- 
drogene. The coal. contains much fixed alkali in a diferiga, 
flate. This fait is very foluble in water, and deliquefces in 
air. 
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The fulphurick acid poured upon it, decompofes it ; and the 
produces which come over are fulphurick acid and acetick acid. 

Ths acetous acid likewife combines with foda j and this 
combination is improperly called Cryftallizable Terra Foliata. 
The acetite of foda cryftallizes in ftriated prifms, and does not 
attract the humidity of the air. When the fe falts are diftilled, 
they leave a refidue, which forms an excellent and very active 
pyrophorous. 

The acetous acid likewife combines with ammoniack. The 
acetite which is produced is called the fpirit of MindereUs. This 
fait cannot be evaporated without the lofs of a confiderable part 
on account of its volatility : but, by a long evaporation, it af- 
fords needle formed cryftals, of a hot and penetrating tafte, and 
attracting moifture from the air. Lime, fixed alkalis, mere 
heat or fire, and the acids, decompofe this fait. 

The fulphate of pot-alh, fprinkled with the acetick acid, forms 
the fait of vinegar. 

ARTICLE lit. 

Concerning the Putrid Fermentation. 

In order that vegetables may undergo the two fermentations 
we have treated of, it is neceffary that the juices fhouJd be ex- 
tracted, and prefented in a confiderable volume. A due degree 
of heat, together with other circurnftances artificially brought 
together, are likewife neceffary ; for a grape, left on the (talk, 
produces neither ardent fpirit nor vinegar, but rots. It is this 
new kind of alteration we fhall at prefent proceed to treat of. 

This fermentation is the mod natural termination of the veg- 
etable. It is indeed the only end to which the natural courfe of 
things is directed ; fince it is by this means that the exhaufted 
furface of the globe is repaired. The two other fermentations 
are the mere effects of art, and form no part of the great plan 
of nature 

The life of the greateft part of vegetables laftsbut a few 
months ; but the feeds they depofite affure their re-prod u<ftion». 

There are other more robuft vegetables which fupport the cold 
of winter, and only caft their leaves at that period. The annual 
vegetables, and vivacious plants, are altered by the combined ac- 
tion of the caufes we have mentioned : and the refult, accord- 
ing to the degree of decompofition, is either manure, vegetable 
earth, or ochre. 

The conditions of the vegetable fermentation are the follow- 
ing. 

3...W 
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i. It rs nccetfaYy that the organization be impregnated with 
water. Dried vegetables are preferved without putrifying ; and 
if they be moiftened, their fubfequent alteration is prodigioufly 
accelerated. In this manner it is that plants heaped together 
become heated, blacken, and take fire, if not fufficiently dried. 
Fires of this kind are not rare, and the theory is not difficult to 
be explained. Wetted ropes, moift hay heaped together, and 
in a word every vegetable jubilance, putrefies or rots with great- 
er facility, the more perfectly its texture is impregnated with 
water. 

2. The contact of air is the fecond neceflary caufe in the pu- 
trefaction of vegetables. It is reported, in the Ephemerides of 
the Curious in Natural Phenomena, for 1787, that ripe cherries 
were preferved for forty years, by inclofing them in a veflel well 
luted, and placed at the bottom of a well. 

3. A certain degree of heat is likewife neceflary. The heat 
between five and ten degrees is fufheient to caufe decompofi- 
tion. A greater heat diilipates the humidity, dries the vegeta- 
ble, and preferves it from putrefaction. Too little heat retards 
or fufpends it. 

4. It is likewife neceflary for the due effect of this decompofi- 
tion,that the vegetables mould be heaped together, and their juices 
abundant. A greater quantity of air is then combined with the 
Vegetable ; becaufe the juices and the furfaces are then more con* 
fiderable ; and confequently a greater degree of heat is produ* 
c€d, which accelerates the decompofitiori. 

When vegetables are heaped together, and their texture is 
fofteiied by the humidity With which they are impregnated, to- 
gether with their own juices, the phenomena of decomposition 
ale the following ; the colour of the vegetable is changed ; the 
green leaves become yellow, the texture becomes lax, and the 
parts lefs coherent ; the colour of the vegetable itfelf changes 
to black or brown ; the mafs rifes, and perceptibly fvvells up ; 
the heat becomes more intenfe, and is perceived on approach- 
ing the heap \ and the fumes which arife have already a fmell, 
which fometimes is not difagreeable ; at the fame time bubbles 
arife, and break at the furface of the liquid, when the vegetables 
are reduced to a magma. This gas is a mixture of nitrogene 
hydrogene, and carbonick acid. At this epdcha, likewife an 
ammoniacal gas is emitted, which is formed in thefe circum- 
ftances : and, in proportion as thefe appearances diminifh, the 
ftrong and ofTenfive odour is fucceeded by another which is 
fainter and milder, and the mafs becomes dry. The internal 
part ftill exhibits the vegetable ftructure, when the Item is folid 
and the fibrous matter has been the predominating principle j 
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and it then conftitutes manure or foil. Hence it arifes that the 
herbaceous plants of a loofe texture, and abounding in juices 
are not capable of forming manure by their decompofition, but 
are reduced into a brown mafs of little confiftence, in which 
neither fibre nor texture are obferved \ and this is what, for 
the moQ. baft, forms vegetable mould. 

Vegetable mould ufually conftitutes the firft covering or ftra- 
tum of our globe ; and in fuch cafes wherein it is difcovered at 
a depth in the earth, there is no doubt but it has been buried 
by fome revolution. 

When a vegetable is converted into earth by this tumultuous 
fermentation, it (till retains the remains of the vegetable mixed 
and confounded with the .other folid earths. and metallick pro- 
ducts ; and by diftillation it affords oil, nitrogene gas, and of- 
ten hydrogene. It may therefore be confidered as an inter- 
mediate fubftance between crude and organick bodies, which 
participates of the inertia of the one, and the activity of the o- 
ther i and which in this ftate is dill fubject to an infenfible fer- 
mentation, that changes its nature (till more, and deprives it of 
all its organick contents. Thefe remains of vegetables (till con- 
tained in vegetable earth, ferve as food for pther plants that 
may grow in it. The infenfible progrefs of fermentation, and 
the faction of vegetables, impoverifh the vegetable earth, deprive 
it of all its organick matter and there remain only the earths and 
metallick refidue which form the ftiff poor foils and ochres when 
the ferruginous principle is very abundant. 

As this muddy earth is a mixture of all the primitive earths, 
and fome of the metals which are the product of vegetation, as 
well as the oils, the falts, and other products we meet with in 
it ; we may confider it as the refidue of the vegetable decompo- 
fition, as the great agent and means by which nature repairs the 
continual lofTes the mineral kingdom undergoes. In this mix- 
ture of all the principles the materials of all compounds exift ; 
and thefe materials are fo much the more difpofed to enter into 
combinations, as they are in a more divided or difengaged ftate. 
It is in thefe earths that we find diamonds, quartz-cryftals, fpars, 
gypfum, &c. It is in this martrix that the bog ores, or ochre- 
ous ores of iron, are formed ; and it appears that nature has re- 
served the impoverifhed refidue of vegetables for the reproduc- 
tion or reparation-of the earthy and metallick fubftances of the 
globe, while the organick remains are made to ferve as nourifh- 
ment for the growth of other fucceeding vegetables. 
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X HE abufe which, at the commencement of tins 
(Century, was made of the application of chemiftry to medicine, 
pccafioned, a fhort time afterwards, that all the relations be- 
tween the icience and the art of healing were miftaken and 
rejected. It would no doubt have been more prudent, as well 
;as more ufeful, to have connected thefe miftaken applications ; 
but chemiftry was not perhaps at that time in a fufficientiy ad- 
vanced ftate, to be advantageoufjy applied to the phenomena of 
living bodies ; and even at this day, we fee that, though the,phy- 
fiology of the human body is enriched with various interelting 
facts, there is (till much to be done before they will be fuffi- 
cientiy numerous to exhibit a fatisfactory mafs of doctrine. 

The imperfect fuccefs of chemiftry in that branch of the 
fcience which has the ftudy of man for its object, arifes from 
the very nature of the fubject itfelf. Some chemifts, by confid- 
ering the human body as a lifelefs and paffive fubftance, have 
fuppofed the humours to undergo the fame changes as they 
would have been fubject to out of the body ; others from a ve- 
ry fuperficial knowledge of the conftitution of thefe humours, 
have pretended to explain all the phenomena of the animal econ- 
omy. All have miftaken or overlooked that principle of life, 
which incefTantly acts upon the folids and fluids ; modifies, 
without ceafing, the impreffion of external objeds ; impedes the 
degenerations which depend on the conftitution itfelf •, and pre- 
sents to us phenomena which chemiftry never could have known 
or predicted by attending to the invariable laws obferved in in- 
animate bodies. 

None of the bodies of the mineral kingdom are governed by 
an internal force. They are all fubjected to the direct action pf 
foreign fubftances, without any modification from any vital prin- 
ciple j and the air, water and fire, produce in them the effects 
which are neceffary, conflant, and fubject: to calculation; 
whence it happens that we a»e able to determine, modify, and 
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vary the action of thefe various agents at p'e lfure. It is not the 
fame with living bodies ; they are all indeed fubject to the influ- 
ence of external bodies ; but the the effect of thefe is modified 
by the reaction of the vita: principle, and is varied according to 
the difpofition of that principle. The chemift cannot therefore 
determine the effects a priori, and in a general way. He muft 
fearch for his refults rather in the living body rtfelf than in the 
operations of his laboratory,; and can have no aiTittance from 
his analyfis but in afcertaining the nature of their component 
parts. But their a£lion, effects, or tranfpofitions, can only be 
known by a ferious ftudy of the functions of the living body. 
Chemiftry can perform every, thing in the mineral kingdom, 
becaufe every thing depends on the laws of the affinities. But, 
in the kingdoms of organized beings, this fcience is fubordinate 
to the laws of the economy of living bodies ; and its refults can 
only be affirmed to be true, when they are confirmed by obfer- 
vation. 

The more the functions of the individual are independent of 
organization, the lefs is the empire of chemiftry over them, ber 
caufe the effects are modified in a thoufand ways ; and it is 
this which renders the application of chemical principles to the 
phenomena of the human body fo very difficult •, for the or- 
ganization is not only very complicated, but the effects are con- 
tinually varied by the powerful influence of the mind. 

There is not however any function in the animal economy, 
upon which the fcience of chemiftry cannot throw fome light. 
If we confider them in the healthy (late, we fhall perceive that 
eyery organ produces fome change in the humours it receives } 
and though the chemift may indeed be ignorant of the manner 
in which fuch changes are produced, it is by his art alone that 
the difference between the original fluid, and that which has 
been elaborated, can be afcertained. Befules which, the func- 
tions of the various organs arc exercifed upon external objects, 
and thefe objects come under the confideration of chemiftry. 
We are at prefent, for example, acquainted with the nature of 
the air which ferves for refpiration, its effects on the lungs, 
and its influence on the animal economy. We are even now 
able to determine whether any air be good or bad, and know 
how to correct tha,t which is vitiated, &c. We likewife poffefs 
fome accurate ideas of the nutritive principle of certain fubftan-r 
ces ; and chemiftry teaches us how to difpofe of the refpective 
aliments, and adapt them to the various circumftances. The 
analyfis of waters is fufficiently perfect to admit of our diftin- 
j/uiftiing the properties of that fluid relative to health, and to 
felect the belt for our own, ufe ; fo that, while the principle of 
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life prefides over and governs all the internal operations -of the 
human body by a mechanifm which is very imperfectly known to 
us, we fee neverthelefs that all the functions receive an impreflion 
more or lefs direct from external objects •, that all the materials 
ufed for the fupport of the machine are fupplied from without ; 
that principle of life which collects and difpofes of the materials, 
after laws unknown to us, is capable neither of choofing nor reject- 
ing them ; and that the functions would be very fpeedily altered, 
jfchemiftry, founded on obfervation, were not careful to remove 
the noxious, and felect fuch bodies as are of advantage to the 
fyltem. Chemiftry therefore can do nothing in the arrange- 
ment of the materials, but poffeffes unlimited power in their fe- 
lection and preparation. 

When the organization is deranged, this defe<ct of order can 
^rife only from external or internal caufes. In the firft cafe, the 
analyfts of the air, the water and the food, will afford accurate 
notions fufficient to re-e(tablifh the functions. In the fecond 
the chemical examination of the humours may afford informa- 
tion fufficient to direct the phyfician in pointing out the mod 
iuitable remedy. Sometimes the humours are decompofed in 
the body, as in vitro. "We obferve all the phenomena of a de- 
generation and complete difunionof the principles which com- 
pofe the blood, in the fcurvy, cachexy, malignant fevers, &c. 
It feems as if, in fuch cafes, the vital principle abandoned the 
government, and left the folids and fluids to the deftructive ac- 
tion of external agents ; in confequence of which they become 
.decompofed in the fame maner as they ul'ually do when feparat- 
e.d from the body. 

When the principle of animality is once extinguifbed, the 
.fame Caufes which maintained the functions, and whofe effects 
.were modified by that principle of life, now act with their 
whole energy on the body, and decompofe it. Chemiftry has 
difcovered methods of extracting from thefe dead bodies a vari- 
ety of fubflances of ufe in the arts and in pharmacy. 

Chemiftry is therefore applicable to the animal economy in 
the ftate of health and in the (late of ficknefs. 

The chemical art has marked the limits between vegetable 
and animal fubflances. Thefe laft afford ammoniack by putre- 
faction, while the fermentation of the former developes ardent 
fpirit. The latter leave a coal which burns eafily ; while the 
former become converted into a coal almoft incombuftible. An- 
imal matters contain much nitrogene, which may be difengaged 
by means of nitrick acid. The interefting Memoirs of Meff. 
Berthollet and De Fourcroy on animal fubftances, aiay be cpu- 
fulted to great advantage. 
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CHAPTER I. 

Concerning Digeftion. 

THAT humour which is known by the name of the Gaftrick 
Juice, is feparated by glands placed between the membranes 
which line the ftomach ; and from thefe it is emitted into the 
ftomach itfelf. 

In order to obtain the gaftrick juice in a Mate of purity, the 
animals intended to furntfh it are kept fafting for two days, after 
which the ftomach is extracted. In this manner Spallanzani 
obtained thirty feven ounces of this juice out of the two firft 
ftomachs of a fheep. 'The fame naturalift caufed animals to* 
fwallow thin tubes of metal, pierced with feveral holes, into 
which he had put fmall fponges, very clean and dry. He cauf- 
ed crows to fwallow eight at a time, which were vomited up at 
the end of three hours and a half. The juice which he obtain- 
ed was yellow, tranfparent, fait, bitter, and leaving very little 
fediment, when the bird was fafting. The gaftrick juice may 
likewife be procured by the vomiting which is excited by irri- 
tation during fafting. M. Scopoli has obferved that the mod 
fluid part only is thrown up by irritation; and that the thicker 
part does not quit the ftomach but by the affiftance of an emet- 
ick. M. Goffe, who had long accuftonied himfelf to fwallow 
the air, which anfwered the purpofe of an emetick with him, 
has availed himfelf of this habit to make fome experiments with 
the gaftrick juice. He fufpends his refpiration, receives air into 
his mouth, and pufhes it towards the pliarinx with his tongue. 
This air, rarefied in his ftomach, produces a convulfive motion, 
which clears it of its contents. Spallanzani has obferved that 
eagles fpontaneoufly emit a confiderable quantity of gaftrick 
juice, when fafting in the morning. 

We are indebted to Reaumur and the abbe Spallanzani fof 
very interefting experiments refpecling the virtue and effects of 
the gaftrick juice in digeftion. They caufed animals to fwallow 
tubes of metal, perforated in various places, and filled with ali- 
ments, to examine their effects. The philofopher of Pavia u- 
fed purfes of thread, and bags of linen and of woollen. He 
himfelf f wall owed fmall purfes filled with flefli boiled or raw, 
with bread mafticated, and alfo in its original ftate, &c. and 
likewife fmall cylinders of wood, five lines in length and three 
in diameter, pierced with holes, and covered with cloth. 

M. Goffe, availing himfelf of the facility with which he was 
able to vomit by means of the air, has taken all kinds of food 
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and exan changes they had undergone, by returning 

them at intervals more oriels remote from the time of deglutition. 

From thefe various experiments it follows — i. That the gaf- 
trick juice reduces the aliments into an uniform magma, even 
out of the body, and in vitro ; and that it acts in the lame man- 
ner on the ftorruwrh after death : which proves that its e fleet is 
chemical, a;.< ! . almolt ;:.cicpe:;<!ent ox vitality. 2. That the gaf- 
trick juict u ion of the aliments included in tubes 

of metal, r.nd consequently defended from any trituration. 
3. That though there is no trituration in membraneous ftom- 
achs, this action powerfully affifts the effect of the digeftivc 
juices in animals whofe ftomach is mufcular, fuch as ducks, 
geefe, pigeons, &c. Some of thefe animals bred up with fuffi- 
cient care that they might not fwallow (tones, have neverthelefo 
broken fpheresand tubes of metal, blunted lancets, and rounded 
pieces of glafs, which were introduced into their ftomachs. 
M- Spallanzani has afcertained that flefh included in fpheres fuf- 
ficiently ftrong to reflft the mufcular action, was completely di- 
geftcd. 4. That the gaftrick juice acts by its folvent power, 
and not as a ferment ; becaufe the ordinary and natural digef- 
tion is attended with no difengagement of air, nor inflation, 
nor heat, nor in a word, with any of the phenomena of fer- 
mentation. 

M. Scopoli obfevves very well that nothing pofitive or certain 
can be afterred refpecting the nature of the galtrick juice. It is 
fometimes acid and fometimes infipid. M. Brugnatelli has found 
in the gaftrick juice of carnivorous birds, and fome others, a dif- 
cngaged acid, a refin, and an animal fubftance, united with a 
fmall quantity of common fait. The gaftrick juice of ruminat- 
nating animals contains ammoniack, an extractive animal 
fubftance and common fait. In our time the phofphorick 
folts have been found difengaged in the gaftrick juice. 

It appears, from the obfervations of MefTrs. Spallanzani and 
Gone, that the nature of the gaftrick juice varies according to 
that of the aliments. This juice is conitantly acid when the di- 
et is vegetable. The abbe Spallanzani affirms, contrary to 
Mefirs. Brugnatelli and Carminati, that birds of prey have never 
afforded him an acid juice ; and he affirms the fame of ferpents, 
frogs, fifhes, &c. 

In order to fhew clearly that there is a great difference be- 
tween the gaftrick juices ol various animals, it isfufficient to ob- 
ferve that the gaftrick juice of the kite, the falcon, &c. does not 
diffblve bread, though it digefts flefh meat ; and that the gaftrick 
iuice of the turkey, the duck, &c has no action upon flefh, 
but converts the h#rdeft grain into a pulp. 
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Meflrs. Jurine, Toggia, and Carminati, have made the moft 
fucccfsful applications of the gaftrick juice in the treatment of 
■wounds. 

CHAPTER II. 

Concerning Milk. 

OF all the animal humours, milk is beyond contradiction the 
lead animalized. It appears to partake of the nature of chyle ; 
it preferves the qualities and character of the aliments ; and far 
this reafon we are induced to place it at the head of the hu- 
mours of animal bodies. 

Milk is feparated in Organs called breads or udders ; and 
though the clafs of animals with breads exhibits the greateft 
analogy in the internal conftruclion of thefe organs, yet the milk 
varies in the feveral fpecies. In the human fpecies it is more 
faccharine ; in the cow, milder or fofter : the milk of the goat, 
and of the afs, are flightly aftringent ; and it is for this reafon 
that they are ordered to be taken in diforders which have weak- 
ened and exhaufted the human frame.* 

Milk is the firft food of young animals. Their weak and fee- 
ble ftomachs are incapable of digefting and aflimilating aliments 
afforded by the earth ; and nature has accordingly provided 
them a food more animalized, and confequently more anala- 
gous to their ftruclure, until their increaied ftrength permits 
them to ufe a coarfer food. 

Hunter has obferved that all the animals which difgorge to 
feed their young, have glands in the ftomach, which are formed 
during the incubation, and afterwards gradually obliterated. 

Milk is in general of an opaque white colour, and faccharine 
tafte. 

* It feems moft probable that the pre-eminence frill given to the milk 
of the afs, arifes from no better reafon than the loud and fonorous voice 
of the animal which, by a kind of reaicning very common among the an- 
cient phy'icians, has led to a conclufion that the milk of iuch a creature 
mult be good for the lungs. 1 h ■ root iatyiion, the milk of the goat, and 
many other fubftances, formerly flood high in medical estimation, for rea- 
sons equally obvious and equally fuperficiai. It muft not however be de- 
nied but that, when the pufTefTor of an exhaufted conftitution becomes To 
far obedient to advice as regularly to take aftes milk,, and attend to other 
circumltanccs of regimen, he may find hmiielf benefited; and the afTes 
milk, merely as milk, fubftituted infkad of fome leis friendly bevciagc cr 
food, mav be entitled to a ihare in" the general effect. T. 
3...X 
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By attending to the various alterations it undergoes when left 
to itfelf, or when decompofed by chemical agents, we m~ 
rive at a perfect knowledge of its nature. 

Milk expofed to the air is decompofed in a longer or fi: 
time, according to the degree of heat of the atmofphere. 
if the temperature of the atmofphere be hot, and the rn in 
large quantity, it may pafs to the fpirituous fermer 1. 
Marco Polo, rhe Venetian who wrote in the thirteenth ex ary„ 
affirms that the Tartars drink mares milk, fo well prepared ^hat 
it might be taken for white wine. Claude Strahclenberg re- 
ports that the Tartars extracl a vinous fpirit from milk, which 
they call Arki (Defcription de l'Empire de Ruflie.) John 
George Gmelin, in his Voyage to Siberia, affirms that the milk 
is fuffered to become four, and is afterwards dialled. 

M. Nicolas Oferetfkowflcy, of St. Peterfburgh, has proved — 
f . That milk deprived of its cream cannot produce ardent fpirit, 
either with a ferment or without 2. That milk agitated in a 
clofe veflel affords ardent fpirit. 3. That fermented milk lofes 
its fpirituous principle by heat, and panes to the ftate of vinegar. 
Journal de Phyf. 1779. 

Milk becomes four in the fummer, and in three or four days 
the acid has acquired its ftrength. If the whey be then filtered, 
and evaporated to half, cheefe is depofited. If it be again filter- 
ed, and a fmall quantity of the tartareous acid be added, a quan- 
tity of fmall cryftals of tartar are feen to be formed in the courfe 
of an hour afterwards, which according to Scheele can (not) 
arife only from the fmall quantity of muriate potafh (in milk, 
but from an eflential fait*) which milk always contains. 

To feparate the various principles contained in four whey, 
the following procefs may be ufed, which was pointed out by 
the celebrated Scheele. 

Evaporate the four milk to one eighth. All the acid feparates, 
and remains on the fikre. Pour lime water on the refidue ; an 
earth is precipitated, and the lime combines with the acid. 
The lime may be difplaced by the oxalick acid, which forms 
with it an infoluble oxalite, which falls down, and the acid of 
milk remains difengaged. The fluid is then to be evaporated 
to the confiilence of honey, and upon this very pure alcohol is 
to be poured. . The fugar of milk, and all the other principles, 
aie infoluble, except the acid. The mafs being then filtered, 

* The words in the parenthefes are added, to render the text conform- 
able to Scheie's Eflay. T. 
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the acid of milk may be feparated from its folvent by diftillation. 
This is the acid known by the name of Lactick Acid. It pof- 
fefles the following characters. 

i. When faturated with potafh, it affords a deliquefcent felt, 
foluble in alcohol. 

2. With foda, a fait not cryftallizable, and foluble in alcohol, 

3. With ammoniack, a deliquefcent fait, which fuffers moil 
of its alkali to efcape before the heat has deftroyed the acid. 

4. Barytes, lime, and alumine, form with it falts which are 
deliquecent. 

5. Magnefia affords fmall aryftals, which are refolved into a 
liquor. 

6. Bifmuth, cobalt, antimony, tin, mercury, filver, and gold, 
are not attacked by either hot or cold. 

7. It diffolves iron and zinc, and produces hydrogenous gas. 
The folution of iron is brown, and does not afford cryftals : that 
of zinc cryftallizes. 

8. With copper it aflumes a blue colour, which changes to 
green, and afterwards to an obfeure brown, without cryftallizing. 

9. When kept in digeflion upon lead for feveral days it dif- 
foJves it. The folution does not afford cryftals. A light fedi- 
ment of a white colour is formed, which Scheele confiders as a 
fulphate of lead. 

Whey not four contains a faline fubftance, known by the name 
of Sugar of Milk. Meflrs. Valgamoz'and Lichtenftein have de- 
fcribed the procefs ufed to obtain this faline fubftance. The 
milk is deprived of its cream in the ufual manner, and of its 
curd by runnet. It is then concentrated by evaporation till it 
has acquired the confiftence of honey, after which it is put into 
moulds, and dried in the fun. This is called Sugar of Milk in 
Cakes (fucre de lait en tablettes) Thefe cakes are diffolved in 
water, clarified with white of egg, evaporated to the confiftence 
of fyrup, and fet to cryftallize in a cool place. It affords white 
cryftals in rhomboidal parallelopipedons. 

Sugar of milk has a flightly faccharine tafte, infipid, and as 
it were earthy. It is foluble in three or four pints* of hot wa- 
ter. Mr. Rouclle obtained from twenty-four to thirty grains of 
afhes from one pound of this fait burned. Three fourths con. 
fifted of muriate of potafh, and the reft was carbonate of po:- 
am. 

* By an overfight for parts. T. 
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Sugar of milk exhibits the fame appearances as fugar, either 
by diftillation, or on the fire. This fait,* treated with the ni- 
trick acid, afforded me three gros of oxalick acid in the month 
of July, 1787. ( Memoir pre fente h la Societe Royale des Sciences 
de Montpetlier.) Scheele obferved the fame fa« nearly at the 
fame time. I obtained it in beautiful cryftals j Scheele, in the 
form of a white powder.f 

If fix fpoonfuls of good alcohol be mixed with three pints of 
milk, and the mixture be expoied to heat in clofe veffels, with 
the attention to give, from time to time, a flight vent to the gas 
of the fermentation ; the milk is found, in the courfe of a 
month, to be changed into good acetous acid, according to 
Scheele. 

If a bottle be filled with frefh milk, and inverted beneath the 
furface of milk in an open veflel, and this be fubjected to a' de- 
gree of heat a little exceeding that of fummer, at the end of 
twenty-four hours the milk is found to be coagulated - f the gas 
which is developed difplaces the milk : a proof according to 
Scheele, that the vinous fermentation has taken place. 

To decompofe milk, and Separate its various conflituent parts, 
rennet, or the milk turned four in the ftomach of calves, is com- 

. * The quantity of fait ufcdis not put down. Scheele obtained five drachnis 
of acid of fugar in long cr\ fids, by diftilling nitrous ac d from twelve 
ounces of fngar of milk and ieven drachms and a halt of the peculiar acid 
of sugar of'milk in a white powder. The memoir of Scheele isdated 

j 780. T. 

f I do not fee by what overfight it is that our ingenious author feems to 
confufe the two falts together, which are afforded by treating the lugar of 
milk with nitrous acid. One, as obferved in the preceding note, is the ox- 
alick. or faccharine acid, and the other the acid of fugar of milk. 'I he 
properties of the Ialt (Scheele's Effays, London, 1786) arc the following : 
1. It is combuftible like oil in a red-hot crucible, without leaving any 
nnrk of aflies behind. 2. Sixty parts of boiling water, or eighty of 
cold water, are required to difTolve it. 3. Its tafte is f'cunfh, it reddens 
tinclure of litmus, and efFervefces with chalk. 4. By deftfuclive dill illa- 
tion it melts, grows black, froth? very much ; a brown lair, imeihng like a 
mixture of flowers of benzoin and acid of amber, fublimes ; a brown li- 
quid without any appearance of oil, comes over into the receiver, and is 
loar d to contain fomecf the fime kind of fait as was fubTimed. '1 he lub- 
limed fait is acid, eafilv foluble in ardent, fpirit, but more difficultly in wa- 
ter and burns in the fire with a flame. 5. With all the ioluble earths it 
forms falts info' uble in water* 6. With vegetable alkali it forms a perfect- 
ly neutral crvftallizable fait, foluble in eight times its weight of borlrrfj 
ter and feparable for the moft part by cooling. 7. With mineral alka'i it 
forms a fait which icquiresonlv five parts of boihng water for its folution. 
fi With volatile alkali it forms a fait which, alter being gently dried, hai 
V irifh tafte 9. It does not perceptibly act on the metals; but forms, 
MS » their calces, falts of very difficult folubility, which theiefore f«U 

down- J* 



Coagulation of Milk. 549 

monly made ufe of. For this purpofe the milk is warmed,'and 
twelve or fifteen grains of rennet is added to each pint. Gal- 
lium, the flowers of thiftle or artichokes, and the internal mem- 
brane of the ftomach of birds dried, and reduced to powder, 
&c. are among the fubltances which may be ufed to turn milk. 
The whey obtained in this manner is turbid , but may be clari- 
fied by boiling it with white of egg, and fubfequent filtration. 

On the mountain of Larzac I have ieen the dairy woman 
plunge her arms up to the elbows in the milk, and change their 
place from time to time. This was done with a view to halten 
the feparation of the principles ; and it is probable that the hreal 
and perhaps certain emanations from the arm iti'clf, might favour 
that effect. 
■ The folid mafs which feparates from whey, contains two other 
fubftances very interefling to be known j namely cheefe and 
butter. 

If any vegetable or mineral acid be put into milk, a coagula- 
tion follows as is well known. The only difference is, that the 
mineral acid affords lefs cheefe or curd than the vegetable ; and 
the various fubftances ufed to coagulate milk, may perhaps aft 
merely by virtue of the acid they contain. Olaus Borrichius 
obtained no acid from curdled milk at a degree of heat incapable 
of decompofing it. The coagulum which is afforded in all thefe 
cafes, contains a fubftance of the nature of gluten, which forms 
the cheefe ; and another fubftance of the nature of oils, which 
forms the butter. When cheefe is prepared for the table, the 
butter is not feparated, becaufe it renders it milder and more 
agreeable. 

The cauftick alkalis difTolve cheefe by the afliftance of heat. 
But it is not held in folutibn by an alkali in milk. 

If one part of cheefe newly feparated, and not dried, be mix- 
ed with ei^ht parts of water flightly acidulated by a mineral acid, 
and the mixture be boiled, the cheefe will be diffolved, though 
it would not have been fenfibly acted on by a vegetable acid. 
This is the caufe why the vegetable acids feparate a much great- 
er quantity of curd from the fame quantity of milk than the 
mineral acids do. 

The caufe why falts, gums, fugar, &c. coagulate milk, may 
be deduced from the greater affinity of the water with thefe 
bodies than with the cheefi. 

The earth of cheefe is a phofphate of lime, according to 
Scheele. 

No fubftance has a ftronger refemblar.ee to cheefe than the 
r.-hite of eg£ boiled. White of egg is diffolved in diluted acid, 
and al'.o in cauftick alkali, and in lime water, and i» precipitated 
from tbem by acids. 
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Soheele thinks that the coagulation of white of egg, lymph, 
and cheefe, is owing to the combination of calorick j and he 
proves his opinion as follows : Mix one part of white of egg 
with four parts of water ; pour in a fmall quantity of pure al- 
kali ; add as much muriatick acid as is neceflary to fat urate it, 
and the white of egg will coagulate. In this experiment there 
is a change of principles. The heat of the alkali combines 
with the white of egg, and the alkali with the muriatick acid.* 

Ammoniack difiblves cheefe more effectually than fited alka- 
lis. If a few drops be poured into coagulated milk, it quickly 
caufes the the coagulum to difappear. 

Concentrated acids likewife diflblve it. Nitrick acid difenga- 
ges nitrogene. 

The curd dried, and placed in a proper fkuation to under- 
go a commencement of the putrid fermentation, acquires confid- 
ence tafte and colour. In this date it is ufed at table by the 
name of Cheefe. 

At Roquefort, where I have attended the manipulations of 
the excellent cheefe which is made there, care is taken to prefs 
the curd well, in order to expel the whey, and to dry it as accu- 
rately as poffible. After this it is taken into caves, where the 
temperature is two or three degrees above o. The fermenta- 
tion is developed by a fmall quantity of fait. The putrefaction 
is fufpended by fcraping the furface from time to time ; and the 
fermentation thus governed by art, and kept under by the cool- 
nefs of the caves, produces a flow effecl: upon all the cheefe, and 
fucceifively developes the red and blue colours, of which I have 
given the etiology in a Memoir on the Fabrication of Cheefe at 
Roquefort, prefented to the Royal Society of Agriculture, and 
printed in the fourth volume of the Annales Chimiques.f 

Butter is the third principle contained in milk. It is feparat- 
ed from the fcum and the cafeous matter by rapid agitation. 
The fubflance called cream is a mixture of cheefe and butter 

* The reafoning of Scheele is more fully this : — Heat coagulates white 
of egg, without diminilhing its weight : whence he concludes coagulated 
white of egg to be a combination of heat with white ot egg. Acids ex^el 
heat from cauftick alkalis when they combine with them, but none from 
mild alkalis. A very dilute alkali is ufcd in this experiment, that the Tem- 
perature may not be railed, a«d nevertheless the effect takes place ; but it 
does not when a mild alkali is ufed. Whence he concludes that the heat 
of the cauftick alkali, inftead of being employed to raiiethe temperature, 
has entered into combination with the white oi tgg, and coagulated it. T 

f It is in the fourth volume of the Annales dt Chituie that, the author has 
inlerted- an extract from this excellent Merr.oir ok this fubjecu T' 
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which floats on the top of the milk. Violent agitation converts 
this into froth ; in which ftate it is called -whipped cream. 

flutter has a foft confidence, is of a yellow golden colour 
more or lefs deep, of a mild agreeable flavour, melts eafily, and 
becomes folid again by mere cooling. 

Butter is eafily changed, and becomes rancid like oils. The 
acid which is developed may be carried off by water, or by fpir- 
ir of wine, which difiblve it. Fixed alkali diflblves butter, and 
forms a foap little known. 

Diilillation atfords a coloured concrete oil from butter, and a 
ftrong pungent acid. This oil, by repeated diftillation, becomes 
altered, and refembles volatile oils. 

Milk is therefore a mixture of oil, lymph, ferum, and fait. 
This mixture is weakly united, and the union between the prin- 
ciples is eafily deftroyed. Milk is faid to be turned when the 
difunion of its principles is eife~:ted by mere repofe ; but when 
this feparation is made by re-agents it is faid to be curdled* or 
coagulated. 



CHAPTER III. 

Concerning the Blood. 

BLOOD is that red humour which circulates in the human bo- 
dy by means of the arteries and veins, and fupports life by fup- 
plying all the organs with the peculiar juices they demand. It 
is this humour which receives the produfl of digeftion from 
the ftomach, which it elaborates and animalizes. This hu- 
mour is with reafon confidered as the focus of life. The differ- 
ence of temperaments with regard to the paflions, his been at- 
tributed to it by all the philofophers who have treated this fub- 
je£l. It is in vain that phyficians have changed their fyftem j 
for the opinions of the people have been lefs verfatile, and they 
have continued to attribute all the (hades of temperament to the 
modifications of the blood. It is likewife to the alterations of 
this humour that phyficians have for a long time afcribed the 
caufe of a! moll every malady. It is more efpecially entitled to 
the attention of the chemift. 

The blood varies in the fame individual, not only with regard 
to the (late of health, but likewife at the fame inllant. The 
blood which circulates through the veins has not the fame in* 

* Lait tournf and lait caillf. This diftiasftion fcarcely obtains in the 
Englirti language. T. 
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tenuty cf colour, nor the fame confidence, as that of the 
the arteries ; that which flows through the organs of the breaft 
differs from that which palTes languidly through the vifcera of 
the lower bells'. 

The blood differs alfo — i. According to the age. In infancy 
it is paler and lefs confident. 2. According to the tempera- 
ment. Sanguine perfons have the blood of a vermilion red ; 
in the phlegmatick it is paler ; and in the cholerick it is more 
yellow. 

The temperature of the blood is not the fame in the feveral 
fpecies of animals. Some have the blood hotter, and fome 
colder than the medium in which they live. Animals with 
lungs have the blood redder and hotter than thofe which are 
without that organ ; and the colour and heat are in proportion 
to the extent and perfection of the lungs, as M. Buffon and 
Brouflbnet have obferved. 

The blood putrefies by a gentle heat. If it be diftilled on the 
water-bath, it affords the phlegm of a faint fmell, which eafily 
putrefies. Blood dried by a proper heat, effervefces with acids ; 
if expofed to the air, it attracts humidity ; and at the end of 
feveral months a faline efflorefcence is formed, which Rouelle 
has afcertained to be foda. If the difhillation of blood be carri- 
ed farther, the product is acid, oil, carbonate of ammoniack, 
&c. A fpongy coal remains in the retort, of very difficult in- 
cineration, in which are found fea fait, carbonate of foda, iron, 
and phofphate of lime. 

Alcohol and the acids coagulate the blood ; alkalis render it 
more fluid. 

But if the blood received in a (hallow bafon be obferved, the 
following alterations are feen : — It firft becomes divided into 
two very diftin<ft fubftances, the one liquid, flightly greenifh, 
and called lymph, or ferum ; and the other reddifh and folid, 
called the fibrous part of the blood. It is this fepnration of the 
blood which hascaufed the exiilence of polypi in the larger vef- 
fels to be credited, becaufe concretions have been found in thofe 
veffels after death. We will feparately examine thefe two fub- 
ftances. 

Serum has a yellow colour, inclining to green. Its tafte is 
flightly faline. It contains a difengaged alkali, turns fyrup of 
violets green, and hardens in a moderate heat, which is the char- 
after of the lymph. Serum diftilled on a water-bath affords an 
infipid phlegm, neither acid nor alkaline, but very readily pu- 
trefying. When this phlegm has paffed over, the refidue is 
tranfparent like horn, no longer foluble in water, and affording 
by diftillation an alkaline phlegm, carbonate of ammoniack, and 
a fetid blackifh oil more or lefs thick \ the lemaining coal in the 
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retort is very voluminous, and very difficult to incinerate ; the 
. j .ihes afford muriate of foda and phofphate of lime. 

Serum eafily putrefies, and then affords much carbonate of 
ammoniack. 

Serum poured into boiling water coagulates ; but it contains 
a part which is foluble in water, to which it communicates a 
milky colour, and all the properties of milk, according to 
Boucquet. 

Alkalis render the ferum more fluid, but acids coagulate it. 
By filtering and evaporating the fluid, a neutral fait is obtained, 
confifting of the acid employed, and foda. It appears therefore 
that the lymph is kept in the liquid ftate by the predominating 
alkali. 

The thickened ferum affords mephitis by the nitrick acid, af- 
fifted by a flight heat ; if the fire be increafed, nitrous gas is 
difengaged ; the refidue affords the oxalick acid, and a portion 
of malick acid. 

Serum is coagulated by alcohol •, but the coagulum is foluble 
in water, and in this it differs much from the coagulum formed 
by acids : this difference depends on the circumftance that 
the alcohol feizes the water which diluted the ferum ; whereas 
the acid feizes the alkali which diffolved it. 

The clot or fibrous part of the blood likewife contains much 
lymph \ but this may be difengaged by wafhing. The water 
at the fame time carries off the colouring matter, which con- 
tains much iron : and this coagulated part, when well wafhed, 
forms a fibrous white fubftance void of fmell ; which, diftilled 
on the water bath, affords an infipid phlegm, eafily fufceptible 
of putrefaction. The refidue becomes very dry, even by a gen- 
tle heat \ when fuddenly expofed to a confiderable heat, it 
fhrinks up like parchment ; but when diftilled in a retort it af- 
fords an alkaline phlegm, carbonate of ammoniack, oil, &c. The 
coal, which is lefs voluminous and lighter than that of lymph, 
affords the phofphate of lime by incineration. 

The fibrous part putrefies with confiderable quicknels, and 
affords much ammoniack. 

The alkalis do not diffolve it, but acids combine with it. 
The nitrick acid diiengages much nitrogeue, and afterwards 
diffolves it with effervefcence, and difengagement of nitrous gas. 
The refidue affords oxalick acid, and a fmall quantity of the 
malick acid. 

This fibrous fubftance is of the nature of the mufcular fibre, 
which caufed Bordeu to call the blood fluid flefh ; and long be- 
fore the time of this celebrated phyfician, Paul Zacchia afferted 
that »' caro nihil aliud eft quam tanguis concretus." (Quell. I,c- 
8. Y 
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galis, p. 239 ) This fibrous matter is more animalized than the 
lymph ; and it appears to be prepared by the very act of circu- 
lation to concur in augmenting the parts of the human body. 

Blood contains much iron. The experiments of Menghini, 
Bocquet, and Lorry, prove that this metal is capable of pafling 
into the blood by the hrft paffagcs, fince patients who are under 
a courfe of martial medicine void it by the way of urine. AVhen 
the coagulated part of the blood has been wafhed, if that part 
which has retained the colouring matter be burned, and the coal 
lixiviated, the Tefidue of this lixivium is in the (late of farTron of 
mars, of a fine colour, and ufually obedient to the magnet. 

The colour of the blood has been attributed to iron ; and it 
is very true that the colour appears to be entirely formed of it, 
for -there exifts no veftige of this metal in the wafhed and dis- 
coloured coagulum : tut as, on the other hand, the blood doe* 
not become coloured without the concourfe of air, and as oxU 
gene alone is abforbed in refpiration, it appears that the colour 
is owing to iron calcined by the pure air, and reduced to the 
ftate of red oxide. 

From this manner of conceiving the phenomenon, we may 
perceive why animal fubftances are fo advantageous in affifting- 
and facilitating the red die, and why thefe fubftances take col- 
ours more eafdy. 



CHAPTER IV. 

Concerning Fat. 

FAT is a condenfed inflammable juice contained in the cef- 
lular membrane : its colour is ufually white, but fometimes yel- 
low ; its tafte infipid ; and its confiftence more or lefs firm 
in the various fpecies of animals. In cetaceous and other fifh, 
it is nearly fluid •, in carnivorous animals the fat is more fluid 
than in frugivorous animals, according to Mr. De Fourcroy. In 
the fame animal it is more folid near the kidneys, and under the 
fkin, than in the vicinity of the moveable vifcera ; as the animal 
grows old, the fat becomes yellow, and more folid. Confult 
De Fourcroy. To obtain fat in a ftate of purity, it is cut into 
fmall pieces ; the membranes and fmaller veflels are feparated ; 
it is wafhed, then fufed with a fmall quantity of water, and kept 
in fufion until all the water is evaporated. This laft fluid which 
floats above it, boils ; and when the ebullition ceafes, it is a 
proof that all the water is diffipated. 

Fat has the greateft analogy with oils. Like them it is not 
mifcible with water j it forms foaps with alkalis ; and burns in 
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the open air, by the contact of an ignited fubftance, at a fuffi- 
cient heat. 

Neumann treated the fat of the goofe, of the hog, of the fheep 
and of the ox, in a glafs retort by a graduated fire. He obtain- 
ed phlegm, an empyreumatick and brownifh oil, and a brilliant 
coal. He concludes from his analyfis that there is little differ- 
ence between fats ; and that of the ox appears only to contain 
a little more earthy matter. This very imperfect analyfis throws 
no light on the nature of fat j and we are indebted to MefTrs. 
Segner and Crell for experiments of a much more interefting 
kind. We fhall relate the chief. 

1. Beef fuet diftilled on the water-bath, in a glafs retort, af- 
fords oil and phlegm ; it forms foaps with potafh : the reddifh 
phlegm has an acid tafte ; effervefces with alkali without red- 
dening the fyrup of violets, which afTumes a brown colour by 
this mixture. 

2. The marrow of beef affords the fame products, excepting 
that a fubftance firft paffes over of the confidence of butter. 
The phlegm has no fmell when cold. Fixed alkali occafions a 
weak effervefcence. 

Mr. Crell has inftrudted us in the means of obtaining a pecul- 
iar acid from fat, which is at prefent diltinguifhed by the name 
of the Sebacick Acid. 

He at firft attempted to concentrate this acid by diftilling off 
the phlegm ; but this did not fucceed, for the liquid in the re- 
ceiver was as acid as that in the retort. He then faturated all 
the acid with potafh, and obtained a brownifh fait by evapora- 
tion, which he fufed in a crucible, to burn the oil which con- 
taminated it. This fait by folution and evaporation, afforded a 
foliated fait. He poured four ounces of fulphurick acid upon 
ten ounces of the fait, and diftilled by a very gentle fire. The 
febacick acid pafled over in the form of a greyifh vapour ; and 
half an ounce, very fuming and acrid, was found in the re- 
ceiver. Crell obferves that, in order to fucceed in this oper- 
ation, the fait muft be kept a long time in fufion, without which 
the acid would be mixed with oil, which weakens its virtue. 

Bydiftillation of fat in a copper alembick, Mr. Crell obtained 
the pure acid. But the fire neceffary for this purpofe alters the 
veflel, caufes the tin to run off, and the acid itfelf becomes 
charged with copper. 

It has long been known that the alkalis form a kind of foap 
with animal fat. Mr. Crell, by treating this foap with a folution 
of alum, feparated the oil, and obtained the febate of potafh by 
evaporation : the fulphurick acid afterwards diftilled from this 
fait, decompofcs it j and by this means the febacick acid is fep- 
arated. 
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Mr. Dc Morveau melted fuet in an iron pot •, and to this he 
added pulverized quicklime, taking care to ftir it continually at 
the commencement ; at the end of ihe operation, a confiderable 
heat was applied, taking care to raife the veffels, in order to avoid 
expofure to the vapours. When the whole was cold, it was 
found that the fuet had no longer the fame folidity. This was 
boiled in a large quantity of water ; and the lixivium, after fil- 
tration, afforded a brown acrid fait, which is the febate of lime. 
This fait is foluble in water but would require too much time 
to purify it by repeated cryftallizations. This purpofe is more 
cafily anfwered by expoling it to a degree of heat capable of 
burning the oil ; afrer which, a fingle folution is fufficient to 
purify it. It leaves its oil upon the filtre in the ftate of coal •> 
and nothing more is then neceffary than to evaporate it. 

The folution ufually contains a fmall quantity of quicklime, 
which may be precipi.ated by the carbonick acid. This fait 
treated in the fame manner as the febate of potafh, affords the 
febacick acid. 

This acid exifts ready formed in fuet : two pounds afforded 
fomewhat more than feven ounces to Crell. It exifts ready 
formed in the fat, fince earths and alkalis difengage it. 

It has the greateft affinity with the muriatic k acid, as it forms 
with potafh a fait which melts in the fire without being decom-. 
pofed ; it ac~ts powerfully on gold, when mixed with the nitrick 
acid ; it precipitates filver from the nitrate of filver ; it forms a 
fublimate with mercury, and the folution of this fublitnate is not 
rendered turbid by the muriate of foda. But though this acid 
approaches the muriate in feveralrefpects, it differs from it in 
others, and hitherto feems to be nothing hut a modification of 
that acid. With foda, it forms cryftals in needles, and a cryf- 
tallized fait with lime. It decompofes common fait, &c. 

Mr. Crell obtained the acid of fat by diftillation from the but- 
ter of cacao. Spermaceti likewife affords it. 
The properties of this acid are the following : 
It reddens blue vegetable colours. 

It affumes a yellow colour by fire, and leaves a refidue, which 
announces a partial decompofition. From this circumftance, 
Mr. Crell confiders it as occupying the middle fpace between 
the vegetable acids which are deftroyed by fire, and the mineral 
which receives no alteration. Its exigence in the butter of c,ii 
cao, and in fats, is favourable to the notions of Crell on this fub- 
jeft. 

It attacks the carbonates of lime and alkali with effervefcence, 
and with them for the falts which Bergmann finds to be very 
fimilar to the acetites with the fame bafts 
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This acid, as Mr. De Morveau obferves, feems to have fome 
a&ion upon glafs. Mr. Crell having digefted it feveral times 
upon gold, always obtained a precipitate of white earth, which 
was not lime, but which he prefumes to have been carried up in 
the diftillation, and could only arife from the retort itfelf. 

This acid does not perceptibly acl on gold : but it attacks the 
oxide, and forms a cryftallizable fait, as it does likewife with 
the precipitates of platina. 

It unites with mercury and with filver ; yielding the latter 
to the muriatick acid, but not the former : It takes both from 
the fulphurick acid, lead from the nitrick and acetous acid, and 
tin from the nitro-muriatick acid. 

It attacks neither bifmuth, cobalt, nor nickel. 
It does not decompofe the fulphates of copper, of iron, or of 
2inc ; nor the nitrates of arfenick, manganefe, zinc, &c 

It reduces the oxide of arfenick by diftillation. Crell formed 
a febacick ether. 

From this analyfis it appears that fat is a kind of oil or but- 
ter rendered concrete by an acid. 

Its ufes are— 1. To keep up the heat of the body, and de- 
fend the vifcera from the impreflion of external cold. 2. To 
ferve as nourifhment or fupport for the animal on the occafions 
of want, ficknefs, &c. 

CHAPTER V. 

Concerning the Bile. 

THE Bile is one of thofe humours which it is effential to 
know, on account of the influence and effed it has both in the 
ftate of health and diforder. We (hall even fee that its analy- 
fis is fufficiently perfeft to afford inftruaion in an affinity .of 

CSLlCS* 

This humour is feparated in a large vifcusof the lower belly, 
called the Liver •, it is afterwards depofited in a bladder, or re- 
fervoir, called the Gall Bladder ; from which it is conveyed in- 
to the duodenum by a particular channel. 

The bile is glutinous, or imperfectly fluid, like oil ; of a very 
bitter tafte ; a green colour, inclining to yellow ; and frdths 
by Station like the folution of foap. - ; 

If it be diftilled on the water bath it affords a phlegm, which 
is neither acid nor alkaline, but putrefies. This phlegm, acord- 
fog to the obfervation of Mr. De Fourcroy, often emits a fmell 

I mhling that of mufk : bile itfeif has the fame property, ac- 
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cording to the gencral^fbfervation of butchers. When the bile 
has given out all the water it is capable of affording upon the 
water bath, the refidue is a dry extract, which attracts the hu- 
midity of the air, is tenacious, pitchy, and foluble in water. 
By diftillation in a retort, it affords ammoniack, an empyreu- 
aoatick animal oil, concrete alkali, and inflammable air. The 
coal is more eafily incinerated than that we have laft treated of. 
It contains iron, carbonate of foda, and phofphate of lime. 

All the acids decompofe bile ; and difengage an oily fubftance 
which rifes to the top. The falts afterwards obtained by evap- 
oration, have foda for their bafis ; which fhows that the bile is 
a true animal foap. The oil which is combined with foda is a- 
nalogous to refins, is foluble in fpirit of wine, &c. 

The metallkk folutions decompofe bile by double affinity, 
and produce metallick foap. 

Bile unites with oils, and cleans fluffs in the fame manner as 
foap. 

Bile is foluble in alcohol, which feparates the albuminous 
principle. It is this laft fubftance which renders bile coagulate 
fey fire and by acids ; and it is this likewife which haftens its pu- 
trefaction. 

The conftituent principles of bile are, water, a fpiritus rector, 
a lymphatick fubftance, a refinous oil, and foda. Mr. Cadet 
has found a fait in it, which he thought fimilar to fugar of milk ; 
this fait is probably no other than that which was discovered 
by Mr. Poulletier. 

Bile is therefore a foap, refulting from the combination of fo- 
da with a matter of the nature of refins, and a lymphatick fub- 
ftance, which renders it fufceptible of putrefaction and coagula- 
tion. This fubftance gives the bile the character of animaliza- 
tion, diminifhes its acridity, and favours its mixture with the 
other humours. The faline part renders the bile more fluid and 
foluble in water ; and it is more acrid the more this principle 
abounds. 

The refinous part differs from vegetable refins— i. Becaufe 
thefe do not form foap with fixed alkalis. 2. Becaufe they are 
more acrid and more inflammable. 3. Becaufe the animal re- 
fin melts at the temperature of 40 degrees, and acquires a fluid- 
ity fimilar to that of fat; from which however it differs in not 
being foluble in alcohol, in which refpeel it approaches to fper- 
maceti. 9 

The acids which aft upon bile in the firft paffages, decom* 
pofe it. The greenifh yellow colour of the excrements of in- 
farcts at the breaft, arifes from a fimilar decompofition ; and it 
is the reiinou? part which tinges them. From the action of 
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the bile upon acids, we may deduce the effect of thefe remedies 
when the evacuations are putrid, and the degeneration of the 
bile is feptick. The lymph is then coagulated, and the excre- 
ments become harder. This fliews the reafon why the excre- 
ments of infants are fo frequently clotted. 

When the bile remains a long time in the firft pafTages, as 
for example in chronical diforders, it afTumes a black colour, 
becomes thick, acquires the confidence of an unguent, and forms 
a liming of feveral lines in thicknefs in the inteftinal canal, ac- 
cording to the obfervation of Mr. De Fourcroy. When fmear- 
ed on paper, and dried, it becomes green ; diluted with water, 
it forms a tincture of a yellow green colour, from which a large 
quantity of black fcales are precipitated : with alcohol it like=. 
wife forms a black tinfture, and depofites that laminated brilliant 
fait difcovered in biliary calculi by Mr. Poulletier de la falle. 
This humour, which forms the atra bilis of the ancients, is 
nothing but the bile rendered thick ; and in this cafe the efieft 
of acids, and the danger of irritating fubftances, may be eafily 
accounted for. This thickening of the bile clogs the vifcera of 
the lower belly, and produces obftructions. 

Many diforders are referable to the predominant character 
of the bile. On this fubjecl, the interesting Memoirs of Mr. 
De Fourcroy may be consulted, in the collection of the Royal 
Society of Medicine for the years 1782 and 1783. 

When the bile becomes thick in the gall bladder, it forms the 
concretions called biliary calculi. Mr. Poulletier has paid great 
attention to the analyfis of thefe (tones. He has obferred that 
they are foluble in ardent fpirit. When the folution is left to 
itfelf for a certain time, brilliant and light particles are feen ia 
it, which Mr. Poulletier found only in the human calculi, and 
which appeared to him to have the greateft analogy with the fait 
of benzoin. 

Mr. De Fourcroy has obferved that the difcovery of Mr. De 
la Salle has been confirmed by the Royal Society (of Medicine,) 
which has received feveral biliary calculi that appeared to be 
formed by a fait analagous to that which was obferved by this 
chemilt. They confift of mafles of tranfparent cryftalline plates, 
fimilar to mica or talc. The fociety of Medicine poflefles in its 
collection a gall bladder entirely filled with this faline concre- 
tion. 

We may therefore, as De Fourcroy obferves, admit of twv 
kinds of calculi ; the one are opaque, and are afforded only bv 
the condenfed bile ; the others confift of the cryftals we have de- 
fcribed. 
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Boerhaave obferved, long fince, that the gall bladder of oxetij 
at the end of the winter, was filled with calculi, but that the 
frefh pafturage diffipated thefe concretions. 

Soaps have been propofed as folvents for thefe calculi. The 
academy of Dijon has published the fuccefs of a mixture of ef- 
fence of turpentine and ether. Frefh vegetables, which are 
fuch fovereign remedies in destroying thefe concretions, owe 
their virtue perhaps to the circumstance that they develope an 
acid in the ftomach, as we have obferved in treating of the gaf- 
trick juice. 

The ufe of the bile, in the animal economy, confifts, no doubt, 
in dividing thofe fubftances which have undergone a firft digef- 
tion in the ftomach ; and giving an efficacy and force to the 
motion of the inteftines. When its flux is interrupted, it a- 
bounds in the blood, and the whole body becomes of a yellow 
tinge. 

The bile or gall is an excellent vulnerary externally applied : 
internally taken, it is a good ftomachick, and one of the bed 
deobilruents the art of medicine poiTelTes. This kind of reme- 
dies deferves the preference, as being more analogous to the 
conftitution ; and bile is a proper medicine when the digeftion 
languifhes, or the vifcera of the lower belly are clogged. 

Bile, like other foaps, removes fpots of oil, or other greafy 
matter, from fubftances to which they are adherent. 



CHAPTER VI. 

Concerning the Soft and White Parts of Animals. 

THESE parts are perhaps lefs known than thofe of which 
we have juft treated ; but their analyfis is not lefs interefting : 
we may even affirm that is more fo •, becaufe the application of 
the knowledge we may acquire on this fubjecl, will daily pre- 
fent itfelf in the commoneft purpofes of domeftick life. 

All the parts of animals, whether membranes, tendons, 
aponeurofes, cartilages, ligaments, or even the fkin and horns, 
contain a mucous fubftancc very foluble in water, but not in 
alcohol, and known by the name of Jelly. Nothing need be 
done to obtain it, but to boil thefe animal fubftances in water, 
and concentrate the decoction, until by mere cooling it aiTumes 
the form of a folid tremulous mafs. 

Jellies are very common in our kitchens : and the cooks are 
perfectly well acquainted with the methods of making them, 
and of giving them folidity when the temperature of the atmof- 
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phere is very hot. This jelly of harts-horn is extracted by a 
flmilar operation, and afterwards rendered white wirh the milk 
of almonds. This kind of food, duly fcented, is ferved up at 
our tables by the name of blatic manger. Jellies are in general 
teftorative and nourifhing : that of harts-horn is aftringent and 
emollient. 

Jellies in general have no fmell in their*natural ftate, and 
their tafle is infipid. By diftillation they afford an infipid and 
inodorous phlegm, which eafily putrefies. A ftronger heatcau- 
fes them to fwell up, become black and emit a fetid odour ac- 
companied with white acrid fumes. An alkaline phlegm then 
paffes over, fucceeded by an empyreumatick oil, and a little car- 
bonate of ammoniack. A fpongy coal remains which is with 
difficulty reduced to allies, and affords by analyfis muriate of 
lbda and phofphate of lime. 

Jelly cannot be kept above a day in the fummer, or two or 
three in the winter. When it becomes fpoiled, white livid 
fpots are formed on its furface, which fpeedily extend to the 
bottom of the pots. A large quantity of nitrogenous, hydro- 
genous, and carbonick gas is emitted. 

Water dilTolves jellies perfectly. Hot water diflblves a large 
quantity, as they become confident only by cooling. Acids 
Hkewife diflblve them, and alkalis more efpecially do. 

The nitrick acid difengages nitrogene gas, according to the 
fine experiments of M. Berthollet. 

When jelly has been extracted without long decoction, and 
has no lymph mixed with it, it then pofTefTes mofl of the char- 
acters of the vegetable jelly : but it is feldom obtained without 
a mixture of lymph ; and in this cafe it effentially differs from 
the vegetable jellies, in affording nitrogene gas and ammoniack. 

If jelly be concentrated to fuch a degree as to give it the form 
of a cake, it is deprived of the property of putrefying; and by 
this means the dry or portable foups are formed. The follow- 
ing is a receipt for preparing thefe cakes : 
Calves feet 4 

Leg of beef 12 pounds. 

Knuckle of veal 4 pounds. 

Leg of mutton 10 pounds. 

Thefe are to be boiled in a fuflicient quantity of water, and 
the fcum taken off as ufual ; after which the foup is to be fep- 
arated from the meat by ftraining and preffure. The meat is 
then to be boiled a fecond time in other water ; and the two 
decoctions, being added together, muft be left to cool, in order 
that the fat may be exactly feparated. The foup mult then be 
clarified with five or fix whites of eggs, and a fufficient quantity 
3...Z 
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of common fait added. The liquor is then {trained through 
flannel, and evaporated on the water-bath to the confidence of 
a veiy thick patte ; afier which it is fpread rather thin upon a 
fmooth ftone, then cut into cakes, and laftly dried in a ftove un- 
til it becomes brittle : thefe cakes are kept in well doled bottles. 
The fame proccfs may be ufed to make a portable foup of the 
n\Mh of poultry ; and aromatick herbs may be ufed as a feafon- 
ing, if thought proper. 

Thefe tablets or cakes may be kept four or five years. When 
intended to be ufed, the quantity of half an ounce is put into a 
large glafs of boiling water, which is to be covered, and fet upon 
hot allies for a quarter of an hour, or until the whole is entirely 
diffolved. It forms an excellent foup, and requires no addition 
but a fmall quantity of fait. 

The cakes of ho ekiack, which are prepared in China and are 
known in France by the name of coll" de pen d'dne, are made 
with animal fubftances. They are ufed in diforders of the lungs 
in a dole from half a dram to two drams. 

The nature of the fubftances made ufe of, and the method 
of operating, produce fome difference in thefe produces. Old 
or lean animals afford in general better glue than the young and 
fat. For a full account of the art of making glue, confult V Art 
de faire diffe rentes Efpeccs de Colle> par M. Duhamel de Monceau, 
de I'Acndemie des Sciences. 

i. To make the ftrong or Englifh glue, the parings of leath- 
er, the (kins of animals, with the ears of oxen, calves, iheep, &c 
are ufed. Thefe matters are firft digefted in water, to pene- 
trate the texture of the fkins ; they are afterwards fteeped in 
lime water, taking care to ftir and agitate them from time to 
time •, they arc then laid in a heap for fome time, afterwards 
waihed, and the fupcrabundant water prefled out by a prefs. 
Thefe fkins are then digeited in water gradually heated to ebul- 
lition. The liquor is afterwards poured out, and feparated with 
preflure. Laftly, it is thickened by evaporation of the water 
by heat, and poured on flat polifhed (tones or into moulds, and 
left to dry and harden. 

This glue is brittle. It isfoftened by heating it with a fmall 
quantity of water for ufe, and is applied with a brufh. Car- 
penters and cabinet makers ufe it to faften pieces of wood to- 
gether. 

2. The glue of Flanders is merely a diminutive of the ftrong 
glue. It has not the fame confilt.ence, and cannot be ufed in glu- 
ing wood ; it is thinner and more tranfparent than the former. It 
is made with a more accurate choice of mirtiials, and with 
greater care. It is ufed by defigners. Mouth glue is made of 
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this, to flitch paper together, by fufing it again with the addi- 
'tion of a fmall quantity of water, and four ounces of fugar candy 
to a pound of the glue. 

3. The colle de gand is made with the clippings of white 
gloves, well fteeped in water, and boiled : it is likewife made 
with the clippings of parchment. In order that thefe two kinds 
of glue may be fit for ufe, it is necefPary that they be of the 
confiftence of a tremulous jelly when cold.* 

4. Fifh glue, or ifinglafs, is made of the mucilaginous parts 
of a large fifh commonly found in the Ruffian feas. The flcm, 
the fins, and the nervous part, are cut into flices, boiled on a flow 
fire to the confiftence of a jelly, fpread out to the thicknefs of 
a fheet of paper, and formed into cakes or long pieces, fuch as 
we receive them from Holland. The filk manufacturers, and 
more especially the ribbon weavers, ufe it to give a luftre to 
their goods -, it is alfo ufed to ftiffen gauzes, and to clarify or 
fine wine, by mixing a folution of this fubftance with it. Ifin- 
glafs enters into the compofition of fome platters. It is. excel- 
lent to correct acrid humours, and terminate obflinate venereal 
diforders. 

Gilders fize is made by boiling eel fkins in water with a fmall 
quantity of lime ; the water is ftrained off, and fome whites of 
cgg6 added. When it is intended to be ufed, it is heated, ap- 
plied to the furface intended to be gilded, and when it is dry 
the gold leaf is laid on. 

5. The glue of fnails is made by expofing fnails to the fun, 
and receiving in a glafs the fluid which flows from them. This 
liquor is mixed with the juice of milk thiftle. It is ufed to ce- 
ment glafles together, which are afterwards expofed to the fun 

to dry. 

6. To make the glue of parchment, or parchment fize, two 
or three pounds of the clippings of parchment are put into a pail 
of water. Thefe are boiled until half the water is evaporated 
after which the whole is ftrained through a cloth, and left to 

fettle. 

The glue or fize ufed in the paper manufactories, to fortify 
the paper, and to repair its defecls, is made with wheat flour dif- 
fufed in boiling water, and (trained through a fieve. This fize 
muft be ufed the following day, and neither fooner nor later. 
The paper is afterwards beat with a mallet, fized a fecond time, 
put into the prefs, to fmooth and unite it, and afterwards tended 
by hammering. 

» Thefe weaker ghies are called Size by our workmen, who apply the 
same of Glue to the ftrong glue only. 
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CHAPTER VII. 

Concerning the Mufcular or Fiefliy Parts. 

THE mufcles of animals are formed of longitudinal fibres 
connected together by the cellular membrane, and impregnated 
with various humours, in which we find partly thofe we have 
already examined feparately. 

The analyfis of thefe fubftances by diftillation afforded us lit- 
tle inftruclion refpefting their nature. The products were, wa- 
ter which eafily became putrid, alkaline phlegm, empyreumat- 
ick oil, carbonate of ammoniack, and a coal which ailonled by 
incineration a fmall quantity of fixed alkali, and febrifuge fait. 
The procefs which fucceeds the beft for feparately obtaining 
the various fubftances which compofe mufcles, is the following 
which has been pointed out to us by Mr. De Fourcroy. 

i. The mufcle is firft warned in cold water : by this mean9 
the colouring lymph, and a faline fubflance, are taken up. By 
ilow evaporation of this water, the lymph coagulates, and, may 
be feparated by the filtre ; and a continuance of the evaporation 
affords the faline matter. 

2. The refidue of the firft wafhing is digefted in alcohol, 
which diffolves the extractive matter, and a portion of the fait 5 
the extract is feparated by the evaporation of the alcohol. 

3. The refidue of the firft operations is to be boiled in water, 
which takes up the jelly, the fat part, and the remaining faline 
and extractive matter. The fat oil fwims on the furface 
and may be taken off. 

4. After thefe operations, there remains only a white infipid 
fibrous fubftance, infoiuble in water ; which contracts by heat, 
like other animal fubftances ; affords ammoniack, and very fetid 
oil, by diftillation. Nitrogene gas i6 obtained from it by the 
nitrick acid. It poffeffes ali the characters of the fibrous part of 
the blood in which fluid it is armed, to be afterwards depofited 
in the mufcles, where it receives the laft. character appropriated 
to it. 

Mr. Thouvenel, to whom we are indebted for ihferefting re- 
fearches on this fubject, has found in flefli a mucous extractive 
fubftance, foluble in water and in alcohol, poffeffing a peculiar 
tafte which jelly has not ; and when this fubftance is very much 
concentrated, it affumes an acrid and a bitter tafte. Fire devel- 
opes an aromatick flavour in it. This fubftance evaporated to 
drynefs, affumes a bitter, acrid, and faljne tafte. It fwells up 
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upon hot coals, and liquefies ; emitting an acid, penetrating 
fmell, refembling that of burned fugar. It attracts the humid- 
ity of the air, and forms a faline efflorefcence. In a hot atmof- 
phere it becomes four, and putrefies. All thefe characters indi- 
cate a refemblance between this fubftance, the faponaceous 
extracts, and the faccharine matter of vegetables. Mr. Thou- 
venel, who has likewiie analyfcd the fait obtained by the decoc- 
tion and flow evaporation of flefh, obtained it fometimes in form 
of down, and fometimes in that of cryftals, whofe figure he 
could not defcribe. This fait appeared to him to be a phofphate 
of potafh in frugivorous quadrupeds, and muriate of potafh in 
carnivorous reptiles. It is probable, as Mr. De Fourcroy ob- 
ferves, that this fait is a phofphate of foda or of ammoniack, 
mixed with the phofphate of lime. Thefe falts are indicated, and 
even with excels of acid, like thofe of urine, by lime-water 
and ammoniack, which form white precipitates in the deco&ion 

of flefli. 

The moft abundant part of mufcles, and that which confli- 
tutes their predominating character is the fibrous matter. The 
characters which diftinguifh this fubltance are — 

i. It is not foluble in water. 2. It affords more nitrogene 
gas by the nitrick acid than other fubftances do. 3. It after- 
wards affords the oxalick acid, and the malick acid. 4. It pu- 
trefies eafily when moiftened, and affords much concrete ammo- 
niack by diftillation. 

The other three fubftanceSs contained in flefh, namely, the 
lymph, the jelly, and the fat part, are the fame fubftances con- 
cerning which we have already treated, under the fame denom- 
inations. 

From thefe principles we may give the etiology of the form- 
ation of foup, and follow the fucceffive difengagements of all 
the principles we have fpoken of. 

The firft impreffion of the fire, when a foup is made, is the 
difeno agement of a confiderable fcum, which is taken off until 
it no longer appears. This fcum arifes merely from the difen- 
gagement of the lymph, which coagulates by the heat. It af- 
fumes, by the impreffion of the fire, a red colour, which it does 
not naturally poffefs. 

At the fame time the gelatinous part is difengaged, which re- 
mains diiiolved in the foup, and congeals only by cooling. It 
forms on the furface of cold foup a body more or lefs thick, 
according to the nature of the fubftances, v.nd the age of the 
male ; for young animab afford a larger quantity than fuch 
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As foon as the flefh is penetrated by heat, fiat round drops 
arife, and float at the furface of the fluid, in which they are not 
afterwards diflblved, but congeal by cooling, and exhibit all the 
characters of fat. 

In proportion as the digeftion proceeds, the mucous extract- 
ive part feparates : the Joup becomes coloured, affumes its pe- 
culiar odour and tafte ; and it is more particularly to this princi- 
ple that its properties are owing. 

The fait which is at the fame time diffolved takes off the in- 
fipidity of ali the before mentioned principles : and at this pe- 
riod the foup is completely made. 

According to the nature of the feveral principles which are 
difengaged, atul the order in which they appear, it is evident 
that the management of the fire is not a matter of indifference. 
If the ebullition be haftened, and a proper time be not allowed 
for the difengagement of the mucous extractive matter, the 
three inodorous and infipid principles are obtained ; and this is 
obferved in foups made by cocks who are haftened, or have not 
time allowed to pay a due attention to their work. "When on 
the contrary, the digeftion is made over a flow fire, the princi- 
ples feparate one after the other, in order ; the fkimming is 
more accurately performed j the aromatick flavour which is dif- 
engaged combines more intimately, and the foup is of an excel- 
lent flavour. Thefe are the foups of the good women who per- 
form better with a fmall quantity of meat, than profefied cooks 
with their ufual prodigality, and in this cafe we may fay that 
the form is of more value than the fubftance. 

The heat mult not be applied too long ; for the great evap- 
oration, by concentrating the principle of fmell and tafte at the 
lame time with the fait, renders them acrid and bitter. 
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Concerning Urine. 

URINE is an excrementitious humour cf the body ; and it 
is one of the fluids of which it is of the greateft importance to 
poilefs an accurate knowledge; becaufe the practical phyfician 
mny derive the greateft advantage from information of this na- 
ture. It is known to what a degree of extravagance the mar- 
vellous pretenfions of this kind have been carried. The de- 
lirium has proceeded to fuch a height, as even to pretend to af- 
eertain from the urine, not only the nature of the diforder, and 
the character of the patient, but likewife the fex and condition. 



Characters of Urine. 567 

The true phyfician has never given inro this excefs : but he 
has always derived affiftance, in his practice, from ths charac- 
ters exhibited by the urine -, an i this is the humour from which 
he may draw the mod iatisfa&ory indications. It carries out, 
a; we may fay, the internal character; and a phyfician who 
know? how to form a judgment upon its properties may deduce 
the mofl initruotive confequences from it. Munro, in his 
Treatife of Comparative Anatomy, has defcribed the organs 
which, in birds, fupply the place of the kidneys : they are placed 
near the vertebral column •, and communicate, by two duels, to 
the vicinity of the anus. He affirms that the urine of birds is 
that whitilh fubftance which almoft always accompanies the 
excrements. 

Chemical analyfis ought to enlighten the phyfician in his re- 
fearches concerning the Urine. The nature of the principles 
it carries off in certain circumftances, affords vaft information 
refpecYmg the predominant principle in the fluids of the human 
body. Its various dates mew the difpofition of the conftitution. 
Perfons of a very irritable habit have the urine of a lighter col- 
our than others; gouty perfons evacuate turbid urine •, and it 
has been obferved that, when the bones become foff, the urine 
carries off the phofphate of lime, which conltitutcs their bafis ; 
inltances of which were obferved in the perfons of Mrs. Supiot, 
the wi.low Melin, &c. The various Hates of any diforder are 
always pointed out by the ftate of the urine ; and the truly 
practical phyfician will there obferve figns of crudity and con- 
coction which will direct: his proceedings. 

Urine is like wife an humour interesting to be known on ac- 
count of the various ufes to which it is applied in the arts. It 
was from this fubftance alone that phofphorus was, for a 
time extracted ; it is to this fluid that we owe the developemeiht 
of the blue colour of turnfole, and the violet of archil ; it may be 
fuccefsfully employed in forming artificial nitre-beds ; it power- 
fully contributes to the formation of fa! ammoniack; it may be 
ufed to prepare the alkali in the manufacture of P ruffian blue -, 
and, in a word, it may be applied in all the operations wherein 
the concurrence of an animal humour is required. 

Urine, in its natural ftate, is tranfpafen'f, of a citron y 
colour, a peculiar fmell, and a feline tafte. 

It is m >re or left abundant, according to the feafons, an 
ftate of the individual. It is fufheient to obferve, on this l'ub- 
t, that tranfpiration, and more efpecially perfpiration or 
fweat, fupply the place of the feeretion of urine ; and that con- 
fequently, when the transpiration is great, the urine is not al 
dant. 
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Phyfidans diftifiguifh two kinds of urine. The one is emit- 
ted one or two hours after drinking ; this is aqueous, contains 
fcarcely any falts, and has neither colour nor fmell : it is this 
which is evacuated (p plentifully during a courfe of mineral wa- 
ters. The other is not evacuated until after the functions of 
fanguification are finifhed : and may be called Faeces Sanguinis. 
This is all the characters we have enumerated and afligned to 
urine. It is carried by the arteries into the kidneys, where it is 
feparated, and poured into the receptacles of thefe organs, 
whence it paries, by the ureters, into the bladder ; where it re- 
mains a longer or fhorter time according to the habitude of the 
perfon, the nature of the urine, the irritability or magnitude of 
the bladder itfelf. 

The urine has been long confidered as an alkaline fluid : but 
in our time it has been proved to contain an excels of acid. It 
appears from the experiments of M. Berthollet — I. That this 
acid is of the nature of the phofphorick acid. 2. Thatthe urine of 
gouty perfons contains lefs of this acid ; whence he conjectures, 
with reafon, that this acid retained in the blood, and conveyed 
into the articulations, produces an irritation, and confequently a 
flux of humours, which caufe pain and fwelling. 

The analyfis of urine by diftillation has been accurately made 
by various chemifts, but more efpecially by Rouelle the younger. 
Much phlegm is obtained, which putrefies with the greateft fa- 
cility, and affords ammoniack by its putrefaction, though it does 
not itfelf contain that fubftance. At the fame time a fubftance 
is precipitated of an earthy appearance, but which in reality is a 
true phofphate of urine. It is this fame fait which forms the 
fediments of urine, which is obferved by expofing it to cold dur- 
ing the winter, even though the urine be of a perfon in perfect 
health. When urine has, by a fufficient evaporation, acquired 
the confidence of fyrup, it need only be expofed, in a cool 
place, to obtain cryftals, in which analyfis has proved the exig- 
ence of the phofphates of foda and of ammoniack. This pre- 
cipitate of cryftals has been diliinguiu.ed by the name of fufible 
fait, native fait, microcofmick fair. Urine may be deprived of 
all faline matter by repeated folutions, filtrations, and evapora- 
tions ; the matter which adheres to thefe cry dais, and of which 
they may be cleared by thefe operations, is foluble partly in al- 
cohol and partly in water. The faponaceous fubftance, or that 
which is foluble in alcohol, is capable of cryftallization, d 
difficultly, and affords by diftillation a fmall quantity of oil, 
carbonate of ammoniack, of muriate of ammoniack, and the 
refidue converts fyrup of violets to a green. 1 he extractive 
principle is eafiiy dried, and exhibits the fame phenomena in. 
diftillation as animal fubftances. See Rouelle. 
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The phenomena exhibited by the fpontaneous decompofition 
of urine are very interefting to be known ; on which Subject 
An excellent memoir of Mr. Halle in the volume of the Society 
of Medicine for 1779, maybe confulted. Urine left to itfelf 
foon lofes its fmell, which is fucceeded by a fmell of ammoniack, 
which is likewife diffipated in its turn. The colour becomes 
brownifh, and the fmell fetid and naufeous. We are indebted 
to Mr. Rouelle for a valuable obfervation — that crude urine, 
urina potXis, prefents very different phenomena ; and that it be- 
comes covered with mould inefs, like the expreffed juices of 
vegetables. Putrefied urine has much lefs acid in the difengag- 
ed ftate than when it is frefh. 

The fixed alkalis and lime difengage much ammoniack from, 
urine by decompofing the phofphate of ammoniack. 

The acids dellroy the fmell of urine by combining with the 
ammoniack, which is the principal vehicle of that fmell. 

We may therefore confider urine, in its natural ftate, as wa- 
ter holding in folution matters purely extractive, and phofphor- 
ick or muriatick falts. Thefe phofphorick falts have lime, am- 
moniack, cr foda, for their bafis j we fhall take a flight view of 
each in particular. 

That which is called fufible fair, is nothing but a mixture of 
all the falts contained in urine, clogged with the extractive prin- 
ciple. Ail the ancient chemifts advifed evaporation and repeat- 
ed filtration, to clear them from this animal extracf ; but Meffrs. 
Rouelle and the Duke de Chaulnes have cbferved, that great 
part of the fait is difengaged and diffipated by thefe operations 
to fuch a degree that three fourths are loft. To avoid molt of 
this lofs, the Duke dt Chaulnes adviies folution, filtration, and 
cooling in well doled veffels. Two ftrata of fait are then ob- 
tained ; the upper of which appears to have the form of lquare 
tables, wherein Rouelle obferved tetrahedral prifms flattened 
with dihedral fummirs. This is the phofphate of foda : and be- 
neath this lies another fait cryftallized in regular tetrahedral 
prifms, and is the phofphate of ammoniack. 

I. The phofphate of ammoniack ufually exhibits the form of 
a verv comprefled tetrahedral "rhomboidal prifm : but this form 
varies much j and the mixtures of the phofphate or muriate of 
foda caufe an infinity of modifications in it. 

The tafte of this fait is cool, afterwards urinous, bitter and 
pungent. 

This fait?, fwclls up on the coals, emits,a ffrong fmell of am- 
moniack, and melts by the blow pipe into a very fixed and very 
fufible glafs. 

4.. .A 
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It is'foluble in water. Five parts of cold water, at ten degrees 
of Reaumur, diffolved only one of this fait ; but at the Tempera- 
ture of fixty degrees this fait is decompofed, and a portion of its 
acid is volatilized. 

It ferves as a flux to all the earths ; but. in this cafe its alkali 
is di (engaged, and the phofphorick acid unites with the earth, as 
I find by experiment. Bergmann propofed it as a flux. The 
fixed alkalis and lime-water difengage the ammoruack. 

When this fait is heated with charcoal, it affords phofphorus. 

2. The phofphate of foda was made known in 1740 by 
Haupr, under the name of fal admirable perlatum. Hellot be- 
fore him, and Pott feventeen years after him, took it for felen- 
ite. Margraff gave an accurate defcription of it in his Memoirs, 
in 1745 ; and Rouelle the younger defcribed it at full length in 
1770, under the name of fuiible fait with bafe of natrum. All 
agree that it differs from the preceding in not affording phof- 
phorus with charcoal. 

According to Rouelle, its cryftals are flattened irregular te- 
trahedral prifms, with dihedral fummits. The four fides of the 
prifm are two irregular alternate pentagons, and two longrhom- 
bi truncated fiopewife. 

When expofed to heat it fufes, and affords a glafs which be- 
comes opaque by cooling. 

It is foluble in diddled water and the folution turns fyrup 
of violets green. 

It does not afford phofphorus with charcoal. 

Lime difengages the foda. It may even be obtained in a cauf- 
tick ftate, if the precipitation be effected by lime water. 

The mineral acids, or even diddled vinegar, decompofe it by 
feizing its alkali. Mr. Proud, to whom we are indebted for ad 
the accurate information we poffefs concerning thefe fub dances 
was of opinion, that the bafe to which the foda adhered was not 
the phofporick acid, hut a very fingular fait, whofe properties 
greatly refemble thofe of the acid of borax. He found this fait 
in the mother water, after having decompofed the phofphate of 
foda bv the acetous acid, and obtained the acetite of ibda by 
crydallization. He obtained this fame fait by difiolvmg and 
evaporating the refidue of the didillation of phofphorus. One 
ounce of phofphorick glafs contains five or fix drams. This fait 
was characlerifed by the following properties : 

1. It cryftallizfcs in parallelograms. 

2. Its' tade is alkaline, and turns fyrup of violets green. 

3. It fwells up in the fire, reddens, and melts. 

4. It efflorefces in the air. This may not take place when 
the phofporick acid has not been fufficiently decompofed by the 
didillation to leave the alkali difengaged, as I have obferved. 
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5. Boiling water diffolves fix gros per ounce. 

6. It affifts the vitrification of earths, and forms a'perfecl 
glafs with filtx. 

7. It decompofes nitre and marine fait, and feparates their 
acids. 

8. It is infoluble in alcohol. 

Mr. Klaproth has publifhed in Crell's Journal an analyfis of 
the fufible fait, in wnich he has (hewn that the pearly fait, or 
fait of Prouft, is merely the phofphate offcda. To prove this 
nothing more need to be clone than to diffolve this fait in water 
and to add a folution of nitrate of lime. The nirrick acid feizes 
the foda, and the phofporick acid is precipitated with the lime. 
The phofporic acid may afterwards be feparated by means of 
the fulphrick acid. 

If the phofphorick acid obtained by the flow combuftion of 
phofphorus be faturated with foda fiightly in excefs, the fufible 
fait is formed ; if this'excefs be taken up by vinegar, or if 
more phofphorick acid be added, the fubftance dcfcribed by 
Prouft is formed. 

The phofphate of foda is not decompofable by charcoal ; and 
it is at prefent clearly feen why the fufible fait affords but little 
phofphorus ; and why Kutfckel, Margraaf, and others recom- 
mended a mixture of the muriate of lead 5 for by this means 
the phofpate of lead was formed, which permits the decompo- 
fitionof the phofphorick acid, and affords phofphorus. 

Concerning the Calculus of the Bladder. 

Paracelfus made fome refearches concerning the calculus of 
the bladder which he calls duelech. He confiders it as a fub- 
ftance intermediate between tartar and (tone, and thinks that its 
formation is owing to the modification of an animal refin : he 
fuppofes it to be abfolutely fimilar to the matter of the gout. 

Vanhelmont does not admit of this analogy-, and confiders 
the calculus as an animal coagulum produced by the falts of 
urine, and a volatile earthy fpirit. Boyle found this calculus to 
be compofed of oil and volatile fait. Boerhaave fuppofed it to 
confift of a fubtle earth, intimately united with alkaline volatile 
falts. Hales has oblerved that a calculus of the weight of two 
hundred and thirty grains afforded fix hundred and forty-five 
times its volume of air, and that there remained only a calx of 
the weight of forty-nine grains. 

Independent of this chemical information, fome phyficians, 
fuch as Alfton, De Haen, Vogel, Meckel, &c. had obferved the 
folvent power of foap, lime-water, and alkalis. 
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But we poffeffed no accurate ideas on this fubjetr. until it was 
feriouily taken up by Scheelc and Bergmann. Thebezoar of the 
bladder is formed for the mod part of a peculiar concrete acid, 
which M. DeMorveau calls the Lithiafick Acid. (The Ency- 
clopedic Methodique may be confulted, from which the prelent 
article is an extract.) 

The calculus is partly foluble in boiling water. The lixivi- 
um reddens the tincture of turnfole ; and by cooling depofires 
moft of what it had difTolved. The cryfhals thus ieparated are 
the concrete lithiafick acid. 

Scheele has likewife obferved — i. That the fulphurick does 
not diflblve the calculus unlefs affifted by heat, and that it is 
then converted into the ftate of fulphureous acid. 2. That the 
muriatick acid has no action upon it. 3. That the nitrick acid 
difTolves it with effervefcence, and difengages nitrous gas and 
carbonickacid. This folution is red ;i it contains a difengaged 
acid, and tinges the (kin of a red colour. This folution is not 
precipitated by the muriate of barytes, nor rendered turbid by 
by the oxalick acid. 4. That the calculus was not attacked by 
the carbonate of pot afh ; but that the cauftick alkali dii7blved 
it, as well as the volatile alkali |£. That one thouland grains 
of lime-water difTolved 5.37 by mere digeftion, and that it was 
again precipitated by acids. 6. That all urine even that of in- 
fants, held a fmall quantity of the matter of calculus in folution ; 
•which perhaps may be the caufe, that when this matter finds a 
nucleus in the bladder, it more eafily encrufts it. I have feen 
a calculus with a large plum ftone in its centre. 7. That the 
brick coloured deposition from the urine in fevers, is of the na- 
ture of the calculi. 

Thefe experiments exhibit feveral important confequences 
with regard to the compofition of the calculus, and the proper- 
ties of the lithick acid. 

The calculus contains a fmall quantity of ammoniack. The 
coaly refidue of the combuftion indicates an animal fubftance 
of the nature of jelly. The celebrated Scheele did not find it 
to contain a particle of calcareous earth ; but Bergmann pre- 
cipitated a true fulphate of lime, by pouring the fulphurick in- 
to the nitrous folution of the calculus. He admits that the 
lime is very fmall in quantity, as it rarely exceeds the two hun- 
dredth part of the entire weight. The fame chemift has detect- 
ed a white fpongy fubftance, not foluble in water, nor attacked 
by fpirit of wine, or acids, or alkalis, which at laft affords a coal 
of difficult incineration, and which the nitrtek acid does not dif- 
folve, even in the ftate of allies ; but this matter exifls in fo. 
fmall a quantity, that he could not procure enough to examine 
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it. The calculus is not therefore analogous to bones in its na- 
ture ; neither is it a phofphate of lime, as has been pretended. 
I hcfe are the refults of the chemifts of the north ; but I mull 
obferve that, after having decomposed many calculi by the cauf- 
tick alkali, I have precipitated lime, and formed phofphates of 
potafh. 

Some phyficinns, fuch as Sydenham, Cheyne, Murray, &e. 
have thought that the arthritick concretions were of the fame 
nature as the calculus. The ufe which Boerhaave made of al- 
kalis in the gout ; the virtues admitted by Fred. Hoffman in 
the thermal waters of Carlefbad, which contain foda, with an 
excefs of carbonick acid ", the authority of Springsfeld, who af- 
ferts that the calculus is very fpeedily diffolved in thefe waters, 
even in the urijpe of thofe who drink them j the fuccefs of 
lime water, ufed by Alfton in the gout — all confpire to give 
fome credit to the opinion of thefe early phyficians. But the fol- 
lowing experiments do not agree with this notion. 

VanSwieten affirms that the arthritick concretion never ac- 
quires the harfhnefs of the calculus. Pinelli (Philof. Tranf.) 
•diftilled in a retort three ounces of the arthritick matter collected 
from the articulations of feveral gouty perfons ; and he obtain- 
ed ammoniack, with fome drops of oil, the refidue weighing 
two gros. This refidue, which was foluble in the muriatick, 
fulphurick and acetous acid, was not attacked by volatile alkali. 
An obfervation of Mr. Rearing was publifhed in the memoirs of 
the academy of Stockholm for 1783, which afcertains that the 
concretions expectorated by an old man Subject to the gout, 
were found to be of the nature of bone, or phofphate of lime. 
But one of the neweft and molt important facts is that of Wat- 
fon, in the Medical Communications of London, vol. i. 1784. 
He concludes, from the examination of the arthritick concretions 
of a gouty body, that this fubfrance is very different from the 
matter of the calculus, fince it is foluble in the fynovia, and ea- 
fily mixes with oil and water, which the calculus does not. 

It follows from our obfen ations on the lirhick acid, that this 
acid is concrete, and Sparingly foluble in water \ that it is de- 
composed, and partly Sublimed by distillation. This acid de- 
composes thenitrick acid, unites with earths, alkalis, and me- 
lick oxides. It yields its bafes to the we;;keft vegetable acids 
not excepting the carbo: 



574 Difcovery of Phofphorus. 



CHAPTER IX. 



Concerning Phofphorus. 

PHOSPHORUS is one of the moft aftonifhing products of 
chemiilry. It is pretended that traces of the knowledge of this 
fubftance exift in the writings of the earlieft chemifts : but the 
moil pofitive information we pofTefs on this fubject is found in 
the hiitory given by Leibnitz, in the Melanges de Berlin for 
1 7 1 o. He gives the difcovery to Brandt, a chemitt of Hamburgh, 
who.during a courfe of experiments upon urine, with a view of 
extraditing a fluid proper to convert filver into gold, discovered 
phofphorus in the year 1667. He communicated his difcovery 
to Kraft, who fhowed it to Leibnitz, and being afterwards in 
England he communicated it to Boyle.* Leibnitz caufcd the 
full inventor to be introduced to the Duke of Hanover, before 
whom he performed the whole operation ; and a ipecimen of the 
phofphorus was fent to Huygens, who fhowed it to the Acade- 
my of Sciences at Paris. 

It is faid that Kunckel had aflbciated himfelf with Kraft to 
purchase the procefs from Brandt. But Kunckel having been 
deceived by Kraft, who kept the fecret to himfelf,. knowing that 
urine was made ufe of, fet to work, and dif covered a procefs 
for making the fubftance ; and it is this which led chemifts to 
call it by the name of Kunckel's Phofphorus. 

* As Boyle communicated the procefs for making phofphorus to the 
Royal Society as a discovery ofhis own, and it is entered as inch in the 
"Phiioiophical Tranfactions, 1 cannot avoid animadverting on this impeach- 
Hunt of his integrity, which is copied from one chemical book into ano- 
■ tlier. It is grounded on no better foundation than the affertion of Kraft, 
a dealer in lecrets, who, after having deceived his friend Kunckel, a/To- 
ciated.with him for the purchafe of this fecret- I might inliff, in defence 
of the candour and otherwife urrimpeached integrity of Boyle, that hi 
fertson ought infinitely to outweigh that of the other. Not to inhft, how- 
ever, upon this, it may be noticed that this new and famous product was 
known to have been extracted from urine ; that Kunckel is univcrfally ad- 
iriittcd as the difcoverer, from his having formed it upon no fulier inform- 
ation than this ; that Boyle might with equal probability be admitted to 
have difcovered it in the fame manner, and upon information equally 
flight ; and that the probability of this is rendered incomparably greater 
bytheconfiderationthat none of thefe chemifts made any complicated 
experiments, but merely applied the force of lire to urine untd this product 
at la'ft came over. T. 
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Though the procefs was rendered publick, Kunckel, and a 
German called Godefred Hatwithyf were the only perfons who 
prepared phofphor,us for a long time. It was not till the year 

1737, that it was made in the laboratory of the Royal Garden 
at Paris. A foreigner executed this operation in tne prefence 
of Meffrs. Helbt, Du Fay, Geoffroy, and Du Hamel. An ac- 
count of the operation may be teen in the volume of the Acad- 
emy for 1737. Hellot has collected all the eflential circa m- 
ft.mces. Margraaf, in the year 1743, publifhed a new and 
more eafy method, which has been followed until Scheele and 
Ghan taught us to obtain it from bones. 

The procefs of Margraaf confifts in mixing the muriate of 
lead, which remains after the diftillation of four pounds of min- 
ium and two of fal ammoniack, with ten pounds of the extract 
of urine of the confidence of honey. Half a pound of charcoal 
in powder is added ; the mixture is dried in an iron pot unttl 
it is reduced to a black powder. This powder is to be put into 
a retort •, and the volatile alkali, the fetid oil, and the fal am- 
moniack, drilled off. The relidue contains the phofphorus. 
It is affaved by throwing a fmall quantity on hot coals : if it 
emits a fmell of garlick, and a phofphorick flame, it is to be put 
into a good earthen retort, and diftilled. Much more phofpho- 
rus is obtained bv this than by the old procefs ; and this de- 
pends on the addition of the muriate of lead by Margraaf, which 
decompofes the phofphate of foda, forming a phofphate of lead, 
which affords phofphorus ; whereas the phoiphate or foda ts not 
decompofable by charcoal. The famous chcmift of Berlin has 
likewife proved that it was the fufible fait of urine which affords 
the ohofphorus. " 

Mr. Gahn publifhed in the year 1 769, that the earth of ca>- 
c'nrd bones confifted of lime united with the acid of urine •, but 
g> n -ele was the firlt to prove that by decompofmg this (ait oF 
bones bvthe hitrick ao.t fulphurick acids, evaporating the resi- 
due in which the phofphorick acids exift in a difengaged ftate, 
and diftilling the extract with powder of charcoal, phofphorus 
is obtained. Thefe circumstances, related by Bergmann himfelt 
in his notes to the Chemiftry of Scheffer, attribute to Schee'e 
the difcovery of extracting phofphorus from bones _ It was not 
until the vear 1775 that the procefs was publifhed m the Gd- 
vette S dutaire de Bouillon. Additions and improvements have 
been fucceftvely made in this procefs of which accounts may De 
feen in the Dictionnaire Encyclopedique. ,.,.'.. 

The procefs which has molt conitantly fucceeded With me, ts 
the following : 
f Spelled Hanckwitz by naoft authors. He was ialtruded by Boyle. T- 
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The hauled bones are felected and burned. By this combuf- 
tion the external part becomes white, while the internal part i> 
blaokifh. 

Thefe burned bones mud then be pulverized, and put into a 
turine, or in a round hooped wooden velTel. Half the weight of 
oil of vitriol is then to be poured on, and condantly itirred. 
During the agitation a confiderable heat is excited. The mix- 
ture mull be left in a digeftion for two or three days ; after 
which, water mud be gradually added, and dirred. I diged 
t'iiis lad mixture upon the fire, in order to increafe the lblvent 
power of the water. 

The water of the lixivium is then to be evaporated in vefiels 
of itone ware, filver, or copper. Mr. Pelletier recommends 
this lad metal ; becaufe, according to him, the phofphorick acid 
does not attack copper. The evaporation mud be carried to dry- 
nefs : more boiling water mud be poured on the refidue ; and 
this wafhing mud be continued until the matter be exhauded, 
which may be known by the water being no longer tinged yel- 
low. All thefe waters are to be evaporated, and afford an ex- 
tract 

To feparate the fulphate of lime, the extract mud be difToIved 
in the lead sollble quantity of water, then filtered, and the fait 
remains on the filtre. This extract may be mixed with powder 
of charcoal, and didilled; but I prefer converting it into ani- 
mal glafs : for which purpofe I put the extract into a large cru- 
cible, and urge the fire. It f wells up at fird, but at lad fettles ; 
and at that indant the glafs is made. This glafs is white, of a 
milky colour. Becher was perfectly acquainted with it ; but 
concealed his procefs, on account of the abufes which, according 
to him might be made of it — propter varios abufus. He tells us, 
in proper terms, homo vltrum ejl> et in vitrum redlgi poiejl, ficut 
et omnia animalia. He regrets that the Scythians, who drank out 
of difguding fculls, were not acquainted with the art of convert- 
ing them into glafs. He (hews that it would be poffible to 
form a feries of one's ancedors in glafs, in the fame manner as 
we pofTefs them in painting, &c 

I obfervedonce to my great adonifhtrtent, that the phofphor- 
ick glafs I had jud made, emitted very drong electrick fparks ; 
thefe flew to the hand at the didance of two inches. I exhibit- 
ed this phenomenon to my audience of pupils. This glafs lod 
the property in two or three days, though preferved in a capfule 
"of common glafs. 

It fometimes happens that this glafs is deliquefcent, but it is 
then acid ; and this circumltauce arifes from too large a quail- 
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tity of fulphurick acid, or from this acid not having been fatur- 
ated by a digeltion of fufficient continuance. 

I have like wife obtained glafs of the colour of turquoife, when 
I performed the evaporation in copper veffels. 

This glafs may be deprived of the bubbles it ufually contains, 
by keeping it for a time in a violent heat ; it is then tranfparent, 
and may be cut like a diamond. According to Crell, its fpeci- 
fick gravity is to that of water as three to one, while that of di- 
amond is as three and a half to one. This glafs, is infoluble in 
water, &c. A fkeleton of nineteen pounds, burned, affords five 
pounds of phofphorick glafs. 

I pulverize this glafs, mix it with equal parts of powder of 
charcoal, put it into a porcelain retort well coated, the beak of 
which I partly plunge into the water of the receiver, fo that noth- 
ing can efcape but air or phofphorick gas. I adapt a large tube 
to the tubulure of the receiver, and plunge it into a veflel filled 
with water. The fire being raifed by degrees, the phofphorus 
comes over the moment the mixture is ignited. The phofphorus 
fublimes, partly in the form of a fume which congeals ; and is 
precipitated upon the furface of the water, partly in the form 
of inflammable gas, and partly refembling melted wax, which 
drops in beautiful tranfparent tears from the neck of the retort. 
The theory of this operation is eafily explained. The phofphor- 
ick acid is difplaced by the fulphurick acid, as is fhewn by the 
large quantity of fulphate of lime which is obtained. All the 
other operations tend only to concentrate this phofphorick acid 
which is ilill combined with other animal fubftances, and the 
diftillation with charcoal decompofes the phofphorick acid ; its 
oxigene unites with the coal, and affords a carbonick acid, while 
the phofphorus itfelf becomes difengaged. 

To purify the phofphorus, a piece of chamois leather is moift- 
cned, and the mafs of phofphorus is put into it. This being 
immerfed in a veflel of boiling water, the phofphorus melts, and 
and is paffed through the fkin like mercury. The fkin cannot 
be ufed more than once j the phofphorus, which might be pafled 
a fecond time, would become coloured. This procefs was con- 
trived by Mr. Pelletier. 

In order to form phofphorus into flicks, a funnel with a long 
neck may be ufed, the lower orifice being clofed witha fmall 
cork, or piece of foft wood. The funnel is then to be filled 
with water, and phofphorus put in it ; and this being plunged 
in boiling water, the heat is communicated to that of the funnel -, 
and melts the phofphorus, which runs into the neck, and takes 
that form. The funnel is then removed into a veflel of cold 
water j and when the phofphorus is perfectly cooled, the cork 
4-.B 
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is taken out, and the phofphorus thru ft. out of its mould with a 
fmall piece of wood. 

Phofphorus is kept under water. After a certain time it lo- 
fts its tranfparency, becomes covered with a white powder, and 
the water is acidulated.* 

In whatever manner phofphorus may be made, it is always 
one and the fame fubftanee, characterized by the following 
properties: It is of a flefh colour, and evidently transparent. 
It has the coniifterree of wax ; and may be cut in pieces with a 
knife, or twilled afunder with the fingers ; in which laft cafe 
the precaution muft be taken of frequently plunging it into wa- 
ter, to prevent its taking fire. 

When phofphorus is placed in contact with the air, it emirs 
a white fume. It is luminous in the dark ; and a folid flick of 
phofphorus may be ufed to write with, like a crayon. The 
marks are vifible in the dark ; and this means lias often been 
ufed to create fear and aftonifhment in the minds of the igno- 
rant. 

When phofphorus is expofed to twenty fourf degrees of heat 
it takes fire with decrepitation, burns with a very bright flame, 
and emits a very abundant white fume which is luminous in the 
dark. The refdue of the combustion is a red caufjick fubftance 
which attracts the humidity of the air, and becomes refolved 
into a hq ior. This is the phofphorick acid, which we fhall 
proceed to treat of. 

Mr. Wilion affirms that the folar rays fet fire to phofphorus ; 
and proves that this flame has the colour proper to the phofpho- 
rus, and not that of the ray itfelf. — Letter of Mr. Wilfon to 
Mr Euier, read at the Royal Society of London in June, i 779. 

An advantageous ufe has lately been made of the combuftible 
property of phofphorus, to procure fire conveniently, andin all fitu- 
ations, by means of phofphorick tapers or matches, and the phi- 
lofophicai bottles, the method of making which we fhall pointout. 

* This flow acidification of the phofphorus feems to be revcrfed by die 
fun's light. Sticks of phofphoi as, which had become covered with a 
white powder, were expofed under water to the fun's light, which con- 
vened therri. to ari oiange yellow colour in fuc'h parts as were acred upon 
by the direct light; This facr appears to be of the lame nature as the col- 
ouring of the nitrous acid, and other fimiiar phenomena. T. 

f Twenty-four degrees of Reaumur anfwer to eighty-fix of Fahrenheit. 
The vivid combuition of phofphorus takes place h different temperatures, 
according to its purity ; but the prefent is very low. By taking phof- 
phorus- into a freezing atmofphci e, its faint flame difappears, and it feems 
to rc -crature of fixty degres to revive it. I found the 'vivid 

COmbuftion to take place at one hundred and iixiy degrees. T. 
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I . The inofi fimple procefs for making the phofphorick match- 
es, confifts in taking a glafs tube, four inches long and one line 
in diameter, clofed at one end. A final! quantity of phofpho- 
rus is introduced into the tube, and pufhed to its further end ; 
after which a taper covered with a fmall quantity of wax is in- 
troduced into the fame tube. The open end is then hermeti- 
cally fealed, and the other end is plunged into boiling water. 
The phofphorus melts, and fixes itfelf upon the match. 

A line is drawn at one third of the lengrh of the tube, with a 
flint, that it may be broken as occafion may require. 

The match is to be drawn out quickly, to enflame the phof- 
rhorilS. , , • n 11 

The procefs of Mr. Lewis Peyla, to make the inflammable 
bou-'ies, confift in taking a glafs tube, five inches long and two 
lines wide, one end of which is fealed with the blow pipe. Small 
tapers of wax are prepared with three double threads of cot- 
ton twitted together. The extremity of the match or taper is 
half an inch long, and muft not be covered with wax. 

A piece of lead is laid in a faucer filled with water; and 
upon this the phofphorus is cut, beneath the water, into frag- 
ments of the fize of a grain of millet. One of thefe grains is 
to be dried, and introduced into the tube of glafs ; after which 
the fortieth part of a 'grain of very dry fulpkur is to be added, 
thai is to fay, half the weight of the phofphorus. One of the 
bougies is then taken, and its extremity dipped in very clear oil 
of wax. If too large a quantity rifes, it muft be dried with a 

cloth. - r . . . 

The match is introduced into the tube with a turning or twitt- 
ing motion between the fingers. 

The bottom of the tube muft then be plunged in boiling wa- 
ter, to foften the phofphorus ; obferving to keep it no longer 
than three or four feconds in the water. 

The other extremity of the tube is afterwards fealed. 

Thei'e bougies muft be kept in a tin tube, to avoid the danger 
of inflammat'r, n. . . 

1. To form the phofphorick bottles, a glafs bottle is heated 
bv fixing it in a ladle full of fand, and two or three fmall pieces 
of phofphorus are then introduced into it. A fmall red hot iron 
wire is ufed to itir the phofphorus about, and caufe it to adhere 
to the internal furface of the bottle, where it forms a recldifh 
coating. The heated wire is introduced repeatedly ; and when 
ail the phofphorus is thus diftributed within the bottle, it is left 
open for a quarter of an hour, and afterwards corked. When 
this is ufed, a corrftnon match tipped with fulphur is introduced 
into the bottle, turned round and quickly drawn out. The 
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phofphorus which flicks to the fulphur takes fire, and lights the 
match. 

The theory of this phenomenon depends on thecircumftance 
that the phofphorus is ftrongly dried, or half calcined, and 
needs only the contact of air to fet it on fire. 

Phofphorus is foluble in oils, more efpecially the volatile oils, 
which then become luminous. If this folution be kept in a bot- 
tle, a phofphorick flafh, which emits a fmall quantity of light, 
•will be feen every time the bottle is opened. The oil of cloves 
is ufed in this operation. The combination of phofphorus and 
oil appears to exift naturally in the glow-worm, lampyris fplen- 
dldula Linnaei. Forfter of Gottingen obferves, that the mining 
matter of the glow-worm is liquid. If the glow-worm be a ufh- 
ed between the fingers, the phofphorefcence remainson the fin- 
ger. Henckel reports in the eighth diflertation of his Pyritolo- 
gia, that one of his friends, of a fanguine temperament, after 
having danced much, perfpired to fuch a degree that he thought 
his life in danger. While he undrefled, traces of phofphorick 
flame were feen on his fhirt, which left yellow red fpots behind 
them, refembling the refidue of burned phofphorus : this light 
was long vifible. 

A phofphorick gas maybe extracted from phofphorus, which 
takes fire by the mere contact: of the air. Mr. Gengembre has 
Ihe'wn the method of extracting it, by digefting alkalis upon it, 
(Memoir read to the academy at Parts the 3d of May, 1783) ; 
and at the fame time I fhewed that it might be extracted by 
means of acids, which are decompofed upon phofphorus. I 
have likewife taken notice, in my Memoir upon the decompofi- 
tion of the nitrick acid by phofphorus, that when the acid is 
digefted upon it, a gas efcapes, which takes fire in the receiver, 
and has feveral times afforded me the appearance of fhfhes of 
lightning linking through the cavity of the veffels. But this 
phenomenon difappeared as foon as the vital air was abforbed. 

It is to the difengagement of a gas of this nature that we 
may attribute the ignis fatui which plays about burying grounds, 
and generally in all places where animals are buried and putrefy. 
It is to a fimilar gas that we may refer the inflammable air 
which conftantly burns in certain places, and upon the furface of 
certain cold fprings. 

Phofphorus is found in the three kingdoms. Mr. Gahn found 
the phofphorick acid in lead. Siderite in a phofphorus of iron. 
The feeds of rocket, of muftard, of garden crefles, and of wheat, 
treated by Mr. Margraaf, afforded him a fine phofphorus. Mr. 
Meyer, of Settin has announced, in the Chemical Annals of 
Crell for the year 1 784, that the green refinous part of the leaves 
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of plants contains the phofphorick acid. Mr. Pilatre du Rozisr 
renewed the opinion of Roueile in 1780, (Journal de Phyfique 
for November,) who confidered the phofphorick acid as anala- 
gous to that of mucilaginous bodies ; and he affirms that the diftil- 
lation of pyrophorus affords five or fix grains of phofphorus in the 
ounce. The phofphorick acid exifts in urine, bones, horns, &c. M. 
Maret by treating twelve ounces of beef by combuftion, obtained 
three gros of tranfparent phofphorick glafs. M. Crell obtained 
it from beef fuet and human fat •, M. Hankwitz from excre- 
ments ; Leidenfroft from old cheefe ; Fontana from fifh's bones ; 
Bernaird from egg fhells, &c. Meffrs. Macquer and M. Struve 
found the phofphorick acid in the gaftrick juice. 

The moft interefting combination of phofphorus is that which 
it forms with vital air. This is always the phofphorick acid ;. 
but the acid appears to be modified by the manner in which it 
is made. 

Phofphorus unites with the oxigene — 1. By deflagration, or 
the rapid combuftion. 2. By the flow combuition. 3. In the 
humid way, more efpecially by the decompofition of the nitrick 
acid. 

i. If phofphorus be expofed to a dry heat of twenty-four de- 
grees, it takes fire, emits a white denfe fume, and leaves a red- 
difh refidue, which powerfully attracts the humidity of the air, 
and becomes refclved into a liquor. This combuftion may be 
performed under glafs veffels in which cafe white flocks are de- 
pofited on the fides of the glafs, which refolve into a liquor by 
the contact of moift air, and form the phofphorick acid. Care 
is taken to introduce an additional quantity of vital air when the 
combuftion of the phofphorus has not been completed. 

M. Lavoifier has burned phofphorus, by the affiftance of a 
burning glafs, under a vefiel plunged in mercury (Memoirs of the 
Royal Academy of Sciences, 1777.) 

Margraaf had obferved that air is abforbed in this operation. 
M. Morveau, in the year 1772, had declared the fame from his 
own experiments ; and Fontana proved that phofphorus abforbs 
and vitiates air, like every other combuftible fubftance. Meff". 
Lavoifier and De la Place found that forty-five grains of phof- 
phorus abforbed 65.62 of viral air. 

The acid obtained by this means is impure. It always con- 
tains phofphorus in folution, not faturated with oxigene. 

2. Phofphorus us moft completely decompofed by the flow 
combuftion. For this purpofethe neck of a glafs funnel is in- 
ferted into a bottle, and (ticks of phofphorus are difpofed round 
in the funnel, fo as not to touch each other ; a fmall piece of 
glafs tube being put into the neck, to prevent their falling 
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through. A paper is tied over the funnel. Trie phofphorus ' 
is Slowly decompofed ; and, as it becomes converted into a fluid, 
it flows into the bottle, where it forms a liquid without fined or 
colour. This acid almoSt always retains a fmall quantity of un- 
decompofed phofphorus, from which it may be cleared by digef- 
ting Alcohol upon it, which diflblves the phofphorus without 
volatilizing the acid. 

One ounce of phofphorus produces in this manner three oun- 
ces of phofphorick acid. 

3. The nitride acid may be decompofed by digeflion upon 
phofphorus. The nitrous gas difTipated ; and the oxigene re- 
mains united to the phofphorus, with which it forms phofphor- 
ick acid. When the nitride acid is very concentrated, the phof- 
phorus takes fire, and burns at its furface. I pubiifhed tins 
procefs, with all the circuml'tances of the operation, in 1780, 
the fame year in which the excellent Memoir of M. Lavoifier 
on the fame queftion was printed, and of which I had then no 
knowledge. 

The water in which phofphorus is kept, contracts acidity in 
the cpurfe of time •, which Shews that the water itfelf is decom- 
posed, and yields its oxigene' to the phofphorus. 

Phofphorus precipitates fome metallick oxides from their fo- 
lutionsin the metallick ftate. It is obferved that acid is formed 
in this operation ; which proves that the oxigene quits the met- 
al to unite with the phofphorus. 

The phofphorick acid s clear, inodorous, without being cor- 
rofive. It may be concentrated to drynefs. Crell having con- 
centrated it to drynefs, found its fpecifick gravity, compared 
with water, to be as 3. 1. 

This acid is very fixed. If it 1 be concentrated in a mattrafs, 
the water is fir St difTipated, a fmell of garlick is foon perceived, 
which arifes from a portion of phofphorus, from which this 
acid is difficultly cleared : and vapours likewife rife. The li- 
quor becomes turbid, affumes a milky appearance, and a pafty 
confidence ; and if the matter be put into a crucible, on hot 
coals, it boils considerably. The vapour which ifiues renders 
the flame green ; and the mafs at lad becomes convened into a 
white tranfparent glafs infoiuble in water. 

The phofphorick acid has no action on quartz. 

h diflblves clav with ebullition. 

It diflblves barytes ; and unites to clay with Singular facility, 
with which it forms a fait of fparing fo'.ubility. The Solution, 
when well charged, lees fail, at the end of four-and-twenty 
hours, cryftals in fmall thin flattened needles, feveral lines 1< 
and obliquely truncated at each end. The phofphorick a 
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precipitates lime from lime water, and forms a true phofphate of 
lime very fimilar to the bafis of bones, and decompofable by the 
mineral acids like that fubftance. 

The phofphorick acid, faturated with potafh, forms a very fo- 
luble fall, which affords tetrahedral cryftals terminating in te- 
trahedral pyramids. This phofphate is acid, fwells up on hot 
coals, and is difficult -..f fufion. Lime water decompofes it. 

.Soda, combined with the phofphorick acid, affords a fait of a 
tafte refembling that of the muriate of foda. This phofphare 
does not cryftallize, but becomes converted into a gummy and 
deliquefcent mafs by evaporation. Mr. Sage affirms that phof- 
phate of Soda prepared with the acid of the flow' combuftion, 
forms a fait fuceptible of cryftaliization. 

Dr. George Pearfon has combined the phofphorick acid obtain- 
ed by hi trick acid, with foda, and obtained a neutral fait in 
rhomboids. 

This fait, though faturated, turns fyrup of violets green, ef- 
flqrefces in the air, and has a faline tafte refembling that of 
common fait. It purges in the dole from fix to eight drams, 
without producing either naufea or griping, and has not a difa- 
greeable tafte. 

The phofphorick acid acts only on a fmall number of metal- 
lick fubfhinces. On this fubjeci the works of Meff. Margraaf, 
and De Morveau may be confultcd. 

The phofphorick acid has a very evident aftion on oils. Mix- 
ed with an equal portion of olive oil, it acquires a fawn colour 
by mere agitation, which fubfifts even after the feparation. 
This (hade increafes if the two fluids be digefted together ; the 
acid becomes thick ; and the oil which floats above becomes 
black and coaly, and emits a ftrong fmell. 



CHAPTER X. 

Concerning certain Snbftances obtained from Animals for the ufe of Med- 
icine and the Arts. 

THERE is not perhaps any animal product whofe virtues 
have not been celebrated by fo me of the phyficians ; and there; 
are few animals which have not at fome time or other been 
mentioned as contributing to the advantage of medicine. Time 
however has happily condemned to oblivion thofe productions, 
which ought never to have poffeffed celebrity ; and we fliall ac- 
cordingly on the prefent occafion, attend only to fuch as experi- 
ence has (hovvn to poflefs the virtues and powers attributed to 
them. 
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We (hall not therefore treat of the lungs of the fox, the livtr 
of the wolf, the feet of the elk, the jaws of the carp, the nells 
of the fwallow, the powder of the toad, the dung of the pea- 
cock, the heart of the viper, the far of the badger, nor even that 
of the hanged malefactor. 

Various quadrupeds, cetaceous animals, birds, and fifhes, af- 
ford produces in which chemical and medical experience has af- 
certained very evident virtues. 

ARTICLE I. 

Concerning the Products afforded by Quadrupeds. 

Under this article we (hall treat of the products mod in ufe 
which are extracted from quadrupeds. Thefe are caftoreum, 
mufk, and hartfhorn. 

i. The name of Caftoreum is given to an unttuous fluid con- 
tained in two pouches fituated in the inguinal region of the 
male or female caftor. An accurate defcription of it may be 
feen in the Encyclopedic This very odorant fubftance is foft, 
and nearly fluid when recently extracted from the animal ; but 
it dries in the courfe of time. It has an acrid bitter and naufe- 
ous tafte ; and its fmell is ftrong, aromatick, and even {link- 
ing. 

Alcohol diflblves a refin which colours it ; water extracts an 
abundant principle. By evaporation of the water a fait is ob- 
tained, the nature of which is little known. Caftoreum affords 
by diftillation a fmall quantity of volatile oil, ammoniack, &c. 

The ufes of caftor in the economy of the animal are unknown. 
The ancients had the credulity to believe that the creature itfelf 
took it when its ftomach was weak. 

It is uled in medicine as a powerful antifpafmodick,in the dofe 
of a few grains in fubftance ; and it enters as a component part 
intoboloules, extracts, &c. It is advantageoufly joined with o- 
pium ; and its fpiritous tincture is alfo prefcribed in fuitable li- 
quids, in a dofe from twenty-four to thirty-fix drops. 

We fee clearly from the little chemical information we pof- 
fefs refpecting this fubftance, that it is a refin joined with a mu- 
cilage, and a fait which facilitates the union of its principles. 

2. The name of mufk is given to a perfume obtained from 
various animals. In 1726 an animal was received, under the 
name of the Mufk Animal, in the Royal Menagerie, which came 
from Africa and reiembled the civit. Mr. Perrault has left a 
defcription of it. It was fupported fix years upon raw flefh. 
M. De la Peyronnie gave a very good defcription oj -'if to the 
Academy of Sciences for the year 173 1. 
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The organ which contained the mufk was fituated near the 
genital parts (it was a female.) At the aperture of the bag 
which contained the mufk the fmell was fo ftrong, that M. De 
la Peyronnie could not infpect it without inconvenience. This 
liquor is prepared by two glands, which tranfmit it into the 
common refervoir through a number of ftrull perforations. 

The other animal which affords mufk in the Eaft, is of the 
clafs of fquirrels. It is very common in Chinefe Tartary. It 
carries the mufk in a bag beneath the navel. This bag project- 
ing outwards of the fize of a pullet's egg, is formed of a mem- 
braneous and mufcular fubftance, provided with a fphincter. 
Many glands are obfervable within, which feparate the humour. 
As foon as the beaft is killed, this bladder is cut off and tied up : 
but its contents are adulterated with the tefticles, the blood, and 
other offals of the animal ; for each creature affords no more 
than three or four gros. Mufk muft be cho en foft, unctuous, 
and odorant ; and ought to be confumed totally upon hot coals. 
The mufk of Tonquin, which is mod efteemed,' is contained in 
bags covered with brown hair ; but that of Bengal is covered 
with white hair. 

Mufk contains nearly the fame principles as cafloreum. The 
fmell of pure and unmixed mufk is too ftrong and opprefTive. 
It is rendered mild by mixture with other fubftances. It is lit- 
tle ufed in medicine •, is a powerful antifpafrnodick in fome ca- 
fes ; but ought to be adminiftered with caution, becaufe it often 
excites nervous affections inftead of calming them. 

The fmell of mufk predominates in certain animals. M. De 
la Peyronnie knew a man from whofe left arm-pit there was 
emitted (o ftrong a fmell of mufk during the fummer, that he 
was obliged to weaken it to avoid inconvenience. 

3. Hartfhorn affords feveral products which are much em- 
ployed in medicine. The preference is given to this horn be- 
caufe it contains lefs earthy fait than bones j but all kinds of 
horn maybe ufed indifcriminately. 

Hartfhorn was formerly calcined with the greateft care, and 
ufed as a remedy again ft alvine fluxes. 

The products of hartfhorn which are moftly ufed at prefent, 
are thofe obtained by diftillation. An alkaline phlegm is firft 
obtained, which is called the Volatile Spirit of Hartfhorn. Next 
comes over a reddifh oil, more or lefs empyreumatick ; and a 
very great quantity of carbonate of ammoniack, foiled and col- 
oured by the empyreumatick oil. The oil which colours the 
f.dt may be difengaged by means of fpirit of wine, which dif- 
fuses it. The coaly refidue contains natrum, fulphate, and 
4...C 
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and phofphate of lime, from which phofphorus may be obtained 
by the procefies already defcribed. . 

The fpirit and the fait obtained from hartfliom are ufei m 
medicine as good antifpafaiodicks. ^ .. . , 

The oil duly reclined forms the animal oil of D.ppel. As 
the higheft virtues have been attributed to this fubftance, a 
thoufand methods have been attempted to purify it For a 
long time it was ufual to reftify it a great : number of times, ,„ 
order to have it white and fluid. But Meflrs. Model and Baume 
have adviied taking only the firft portion which comes over, be- 
caufe this is the mod attenuated, and the whiteft. Rouelle ad- 
vifes di foliation with water ■, and as the moft volatile part only 
arifcs with the heat of boiling water, there is a certainty of hav- 
in* it verv fine by this means. For my part, I diftil the em- 
pvreumatick oil with the earth of Murviel, which retains all the 
colouring part •, and by this means I have it at once white and 
attenuated. . , 

This is cdorant, and has all the properties of the volatile oils : 
but it turns fyrup of violets green, as Mr. Parmentier has ob- 
f-rved j which proves that it retains a fmall quantity of volatile 
alkalis This oil is ufed in dofes of a few drops in nervous 
affections, epilepfy, &c. It is ufed externally, by rubbing it on 
the flcin, as a fedative, and to remove obflructions -, but the great 
virtues formerly attributed to it are not much credited at pref- 
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ARTICLE II. 

Concerning certain Produfts afforded by Fifhes. 

The oil of fifti, and fpermaceti, are the moft ufed among the 
products obtained from riihes. 

Spermaceti is a concrete oil extracted from the cacholot. 
The name of Sperma-ceti is very improper. Thefe animals 
are of a prodigious fize, and afford large quantities of this mat- 
ter. Plomet relates that in 1688 a Spanilh fliip took a whale 
whofe head afforded twenty-four barrels of brains, and the bo- 
dy ninety fix barrels of fat. This fpermaceti is always mixed 
with a certain quantity of inconcrefcible oil, which is carefully 

removed. m 

Soermaceti burns with a very white flame. It is made into 
candles at Bayonne and at St. Jean de Luz. Thefe candles are 
of a white mining colour, become yellow in procefs of time, 
but not fo foon as wax and the denfe oils. 

If it be diltilled on a naked fire, it does not afford an acid 
phlegm, but rifes totally, at the fame time that it affumes a red- 
difh tinge. Several repeated diftillations deprive it of its natur- 
al confidence. 
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The fulphurick acid diffolves it ' y and this folution is pre- 
cipitated like the oil of camphor.- The nitrick and muriatick 
acids have no action upon it. 

Cauftick alkali diffolves fpermaceti, and forms a foap which 
gradually acquires folidity. 

Alcohol diflolves fpermaceti, by the affiftance of heat, but lets 
it fall as it cools. Ether likewife diffolves it. 

The fixed and volatile oils diffolve it by the affiftance of heat. 

This fubftance was formerly much ufcd. It was given as an 
emollient, and foftening remedy ; but at prefent it is almoft 
forfaken, and not without caufe j for it is heavy, infipid, and 
naufeous. 

The egg, the fcales, and the black fluid of the cuttle fifh, are 
(till ufed in medicine. The eggs deterge the kidneys and excite 
urine and the courfes. The fcales and bones of the cuttle-fifh 
are applied to nearly the fame ufes : they are likewife ufed as 
an altringent ; and enter into dentifrice powders, collyria, &c. 
The goldfmiths likewife ufe them to make their moulds for call- 
ing fpoons, forks, toys, &c. becauie its fpongy part eafily re- 
ceives the impreffion of metals. The black humour of the cut- 
tle-fifh, which is found in a bag near the ccecum, and of which 
Mr. Le Cat has given a defcription, may be ufed inftead of ink. 
We read in the Satires of Perfius that the Romans ufed it as an 
ink ; and Cicero calis it Atramentum. It feems that the Chi- 
nefe ufe it as the bafis of their famous ink. " Sepia pifcis eft 
qui habet fuccum nigerrimum, inftar atramenti, quern Chinenies 
cum brodio orizx, vel alterius leguminis, infpiffant et formant, 
et in univerfum orbem tranfmittunt, fub nomine Atramenti 
Chinenfis" (Pauli Hermani Cynofura, t. i. p. 17, par 2.) Piiny 
was of opinion that the black humour of the cuttle-fifh was its 
blood. Rondelet has proved that it is the bile. This is the flu- 
id the cuttle-fifh difgorges when in danger : a very fmall quan- 
tity is fufficient to blacken a large quantity of water. 

Calcined oyfter fhells are likewife ufed in medicine as an ab- 
forbent. 

The oil extracted from fifh is of the greateft ufe in the arts. 

ARTICLE III. 

Concerning certain Produ<fb afforded by Birds. 
Moft of the birds are ufed at our tables as a delicate food, but 
few afford any medical produ£ts. The eagle ftones, to which 
fo much virtue had been attributed for facilitating labours, the 
plafters of fwallows nefts, and other fimilar fubltances, have 
all fallen into neglect, as the natural confequence of the obfer- 
vation of matter of fact being fubltituted in the place of credu- 
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lity and fuperdition, The analyfis of eggs begins to be known. 
They confilt of four parts : an olVeous covering, called tlr^ ihell •, 
a membrane which covers the constituent parts of the egg ; 
the white ; and the yolk, which occupies the centre. 

The (hell, like bones, contains a geiatinous principle, and 
the phofphate of lime. 

The white is of the fame nature as the ferum of blood. It 
renders fyrup of violets green, and contains uncombined chalk ; 
heat coagulates it ; by diftillation it affords a phlegm which ea- 
sily putrefies ; it becomes dry like horn j and carbonate of am. 
moniack, and empyreumatick oil, come over. A coal remains 
in the retort, which affords foda, and phofphate of lime. M. 
Deyeux has alfo obtained fulphur by futl'mation. 

Acids and alcohol coagulate it. 

If it be expofed to the air in thin leaves, it dries, and becomes 
confident ; and it is on this property that the cuftom is found- 
ed of pafling the white of egg over the furface of paintings, to 
give them that brightnefs which is produced hy varnilh, and al- 
fo to defend them from the air. The drying may be haftened 
by quick-lime ; and this mixture affords a lute of the greateft 
tenacity. 

The yolk of eggs likewife contains a lymphatick fubdance, 
mixed with a certain quantity of mild oil, which on account of 
this mixture is foluble in water. It is this animal emulfion 
which is known in France by the name of /ait depoulle. Yolk 
of egg expofed to the fire affumes a confidence lefs hard than 
the white. If it be bruifed, it appears to have fcarcelyany con- 
fidence ; and if it be fubjedted to the prefs, it gives out the oil 
it contains. This oil is very emollient, and is ufed externally as 
a liniment. There is the greated analogy between the egg of 
animals and the feeds of vegetables ; fince both contain an oil 
rendered foluble in water by the admixture of a glutinous fub- 
ftance. 

The yolk of egg renders oils and refins foluble ; and this fub- 
ftance is accordingly much ufed for that purpofe. 

Calcined egg fhellsis an abforbent. 

"White of egg is fuccefsfully ufed to clarify vegetable juices, 
■whey, liquors, &c. It coagulates by heat ; and then rifes to 
the furface of thefe fluids, carrying with it ali the impurities 
they contain. 

ARTICLE IV. 

Concerning certain Products afforded by Infects. 
Millepedes, cantharides, kermes, cochenille, and lac, are the 
only fubdances we [hall here treat of, becaufe thefe are not on- 



Analyfis oj Cantharides, r8« 

Iy the moil ufed, but are likewife the beft known among the 
products of infects. 

I. Cantharides — The canrharides are (mail infers with 
greenifh wings. They are very common in hot countries ; and 
are found on the leaves of the afh, the role tree, the poplar, the 
walnut tree, the privet, &c. 

Cantharides in powder, applied to the epidermis, caufe blift- 
ers, excite heat in the urine, ltrangury, third and fever. They 
produce the lame effect taken internally in a fmall dofe. We 
read in Pare that a courtezan, having prefented a ragout pow- 
dered with cantharides to a young man who fupped with her, 
this unfortunate ,perfon was attacked with a priapifm, and lofs 
ofbloodbythe anus, of which he died. Boyie affirms that 
pains at the neck of the bladder have been produced by the 
handling of cantharides. 

We are indebted to Mr. Thouvenel for fome information re- 
fpefting the conftituent principles of thefe infects. Water ex- 
tracts a very abundant principle, which colours it of a reddifh 
yellow, and alfo a yellowifh oily principle. Ether takes up a 
greet! very acrid oil, in which the virtue of the cantharides moft 
eminently refides. So that an ounce of cantharides affords — 



Reddifh yellow bitter extracl; 

Yellow oily matter 

Green oily fubftance, analogous to wax 

Parenchyma, infoluble in water and alcohol 



To form a tincture which unites all the properties of can- 
tharides, a mixture muft be made of equal parts of water and of 
alcohol, and the infects digefted in it. If this tincture be dif- 
tilled, the fpint which comes over retains the fmell of canthar- 
ides. 

If fpirit of wine alone be ufed, it takes up merely the cauftick 
part : hence it appears that the virtue of thefe infe£ts may be 
increafed or diminifhed according to the exigence of the 
cafe. 

The tincture of cantharides may be ufed with fuccefs exter- 
nally, in the dofe of two gros, four gros, one or even two ounc- 
es, in rheumatick pains, fciatica, wandering gout, &c. It heats 
the parts ; accelerates the circulation ; excites evacuations by 
perfpiration, urine or ftool, according to the parts to which it is 
applied. 
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Mr. Thouvenel tried upon himfelf the effect of the green 
waxy matter. When applied on the (kin in the dofe of nine 
grains, it raifed a blifter full of ferofity 

2. The wood lice, millepedes, afelli, porcelli. — This infect is 
ufually found in moift places, under (tones, or beneath the bark 
of old trees. It avoids the light, and endeavours to conceal it- 
felf when difcovered. When it is touched, it rolls up in the 
form of a globe. This infect is ufed in medicine as an incifive, 
aperitive and alterative remedy. It is prescribed either pounded* 
alive and put into a proper liquid, or dried and pulverized, in 
which laft form they enter into extracts, pills, &c. The mille- 
pedes are given in the dofe of fourteen, fifteen, and twenty grains 
or more, according to the exigency of the cafe. Mr. Thouve- 
nel has given us fome information concerning the constituent 
principles of thefe infects. He obtained by diftUlation an infip- 
id or alkaline phlegm ; the refidue afforded an extractive mat- 
ter, an oily or waxy fubftance foluble in fpirit of wine only, and 
marine fait with an earthy and an alkaline bafe. 

3. Cochenille. — Cochenille is a fubftance ufcd in dying fear- 
Jet and purple. It is met with in commerce in the form of 
fmall grains of a fingular figure, moftly convex, with little 
grooves on one fide, and concave on the other. The colour of 
good cochendle is grey mixed with reddifh and white. It is at 
prefent well determined that it is an infect. Simple infpection 
with a magnifier fulHciently proves this : and the wings and 
feet of this infett may be developed by expofing it to the vapour 
of boiling water, or by digeiting it with vinegar. The coche- 
nille is colle'ted in Mexico, upon plants to which the name of 
Indian Fig, Raquette Nopal, are given. Thefe plants bear fruits 
which refemble our figs ; tinge the urine of thofe who eat them 
and probably communicate to the cochenille the property which 
makes it ufeful to the dyer. The Indians of Mexico cultivate 
the nopal near their habitations, and fow as it were the infect 
which affords the cochenille. They make fmall neils of mofs or 
fine herbs, put twelve or fourteen cochenilles into each nelt, 
place three or four of thefe nefts on each leaf of the nopal, and 
fallen them there by the prickles of the plant ; in the courfe of 
a few days, thoufands of fmall infetts illue out and fix thenj- 
ieJ^es upon the parts of the leaf which are belt Sheltered, and af- 
ford the mod nourifhment. The cochenilles are collected Sev- 
eral times in the courfe of the year ; and are deprived of life by 
icalding them, or by putting them into an oven ; after which 
they are dried in the fun. Two kinds of cochenille are diihn- 
guifhed : the one which is produced without culture, and is 
called Sylveftre ; and the other cultivated, which is called Mel- 
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teque. This lad is preferred. It has been calculated in the year 
1736, that eight hundred and eighty thoufand pounds weight 
of cochenille was annually imported into Europe. Mr. Ellis 
has communicated a very good defcription of the cochenille to 
the Royal SocNty of London. 

This fubftance is more efpecially ufed in dying : its colour 
takes readily upon wool •, and the mofl fuitable mordant is the 
muriate of tin. Mr. Macquer has difcovered a method of fix- 
ing this colour uponfilk, by impregnating thefilk with a folution; 
of tin before it is plunged into the bath of cochenille ; inftead 
of mixing a folution in the baths, as is done for woollens. 

4. Kermes. — Kermes is a kind of excrefcence, of the fize of 
a juniper berry, which is greatly employed in medicine and 
the arts. 

The tree which bears it is known by the name of Chiercus I- 
lex. It grows in hot countries ; in Spain, Languedoc, Prov- 
ence, &c. The female of the coccus fixes itfelf on the plant ; 
it has no wings, but the male has. When (he is fecundated, 
fhe becomes large by the developement of her eggs ; fhe perifh- 
es, and the eggs are hatched. It is collected before the devel- 
opement of the eggs ; for which purpoie, the morning is taken 
before the heat has acted upon the eggs. The grains are col- 
lected and dried, to develope the red colour ; they are then Gft- 
ed, to feparate the powder ; and laftly they are fprinkled with 
good vinegar, to kill the infect, which would othcrwife come 
forth in a fhort time. 

Kermes is much ufed in the arts : it affords a good red, but 
lefs brilliant than that of the cochenille. 

A very celebrated fyrup of kermes is made, by mixing three 
parts of fugar with one of the grains of kermes pulverized. The 
mixture is kept for a day in a cool place : the fugar during this 
time unites with the juice of the kermes j and forms with it a 
liquor which, when drawn off by expreflion, has the confidence 
of fyrup. The celebrated confetiio alkerrr.es is made with this 
fyrup. 

The grains of kermes given in fubftance, from half a fcruplc 
to a gros or dram, are celebrated for preventing abortion. 

The grain and the fyrup of kermes are an excellent ftom- 
achick. 

5. Lac, or gum lac. — This is a kind of wax, collected by red 
winged ants from flowers in the Eaft-Indies, which they trans- 
port to the fmall branches of the tree where they make their 
nefts. The nefls are full of fmall cells, in which a red grain 
is found when the mafs is broken. This fmall grain is, to all 
appearance, the egg from which the flying ant derives its or- 
igin. 
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Mr. GeofFroy has proved, in a Memoir inferred among thofc 
©f the Academy for the year 17 14, that this mull have been a 
kind of comb, approaching to the honeycomb of bees, the cells 
of which are formed of a fubftance analogous to wax.* 

The colouring part of lac may be taken up by water, which, 
when evaporated, leaves the colouring principle difengaged. It 
is the fine lake ufed for dying. Lake is imitated by extracting 
the colouring principle of certain plants by well known proc- 
efles. 



CHAPTER XI. 

Concerning fome other Acids extracted from the Animal Kingdom. 

INDEPENDENT of the acids afforded by the various parts 
•f the human body, which have been feparately examined by us 
we find acids in mod infects. Lifter points out one which may 
be extracted from millepedes (Collect. Acad. torn. ii. p. 303). 
Mr. Bonnet has obferved that the fluid ejected by the great fork- 
ed tail caterpillar of the willow, was a true acid, and even very 
active (Savans Etrangers, torn, ii p. 276): Bergmann compares 
it to the moil concentrated vinegar. The abbe Boiffier de Sau- 
vageshas remarked, that in that illnefs of the filk worm, which 
is called mufcardin, the humour of the worm is acid. Mr. 
Chauffier of Dijon obtained an acid from grafs-hoppers, from 
the May-bug, from the lampvris, and feveral other infects, by 
digefting them in alcohol. The fame chemift has made an in- 
teresting courfe of experiments on the acid of the filk worm. 
He gives two methods of extracting it. The firft confifts in 
bruifjng the chryfalides, and (training them through a cloth. The 
fluid which paffes is ftrongly acid ; but the acid is weakened by 
vaiious foreign fubftances, of which it may be cleared by diges- 
tion in fpirit of wine. The fluid which paffes the filtre after 
this digeftion, is of a fine orange colour. More fpirit of wine 
is to be poured upon it. At every addition of fpirit a light 
whitifli precipitate is formed ; a id the additions of fpirit are to 
be continued until no more precipitate appears. 

Inftead of bruifing the chryfalides they may be infufed in fpirit 
cf wine, which diffolves all the acid ; and as this acid is lefs vol- 
atile than the fpirit, this lalt may be evaporated, and the refidue 

* For a defcription and drawing of the infeft which affords the lac, 
«onfuit Keir in the Philof. Tranf. vol. lxxi. p. 374 ; alfo Saunders, in 
*he fame work, vol. lxxix for the method of purifying ths lac ; or a fhort 
abridgment of both, in Nicholfon's Firft Principles of Chemiftry, p. 

T 
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filtered. By thefe precautions the acid may be cleared of its 
fpirit of wine, and of the mucous matter which was diflblved, 
but remains on the filtre. 

Mr. Chauflier has proved that this acid exifts in all the ftates 
of the Glk worm, even in the eggs ; but th3t in the egg and in 
the worm it does not exift in a difengaged ftate, but combined 
with a gummy glutinous fubftance. 

The acid of infects which is beft known, and upon which 
moft has been wtitten, is the acid of ants, or the formick acid. 
This acid is fo far in a difengaged ftate, that the tranfpiration of 
thefe animals, and their fimple contact without any alteration, 
proves its exiltence. 

The authors of the fifteenth century had obferved, that the 
flower of chickory thrown into an ant hill becomes as red as 
blood. — See Langham, Hieronimus Tragus, John Bauhin. 

Samuel Fifher is the firft who difcovered the acid of ants, in 
a courfe of experiments for the analyfis of animal fubftances by 
diltillation. He even tried its action on lead and iron $ and 
communicated his obfervations to J. Vray, who inferted them in 
the Philofophical Tranfadtions in the year 1670. But it was 
the celebrated Margraaf who more particularly examined the 
properties of this acid in 1749. He combined it with many 
fubftances, and concluded that it greatly refembled the acetous 
acid. In 1777 this fubject was again refumed by Meflrs. Ar- 
vidflbn and Oerhn j and treated in a manner which leaves lit- 
tle to be defired, in their diflertation publifhed at Leipfic. 

The ant which affords the greateft quantity of acid, is the 
large red ant which is found in dry and elevated places. 

The months of June and July are moft favourable for the ex- 
traction of this acid j they are then fo penetrated with it, that 
their fimple palling over blue paper is fufficient to turn it red. 

Two methods may be ufed to obtain this acid : diltillation 
and lixiviation. 

To extract the acid by diltillation, the ants are firft dried by 
a gentle heat, and put into a retort, to which a receiver is adap- 
ted, and the fire is raifed by degrees. When all the acid is 
come over, it is found in the receiver mixed with a fmall quan- 
tity of empyreumatick oil, which floats upon it, and may be fep- 
rated by a funnel. Meflrs. Arvidflbn and Oerhn obtained, in this 
manner, from each pound of ants feven ounces and a half of an 
acid whofe fpecifick gravity, at the temperature of fifteen de- 
grees, was to that of water, as 1.0075 to 1.0000 

In the procefs of lixiviation, the ants are walhed in cold wa- 
ter ; and boiling water is afterwards poured over them, which is 
filtered when cold. More boiling water is poured over the ref- 
4-..D 
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idue, and likewife filtered when cold. By this means one pound 
of ants affords a pint of acid as ftrong as vinegar, and of a great- 
er fpecifick gravity. Meffrs. ArvidfTon and Ocrhn are of opin- 
ion that this acid might be fubftituted inftead of vinegar for do- 
meftick ufes. . 

The acid obtained by thefe proceffes is never pure •, but it 
may be purified by repeated diftillations, which dilengage the 
ponderous and volatile oil, and render the acid as clear as water. 
This acid when redified by this procefs, was found by Meffrs. 
ArvidfTon and Oerhn to have a fpecifick gravity of 1.001 1 to i. 

The acid of ants may likewife be obtained by placing linen 
cloths impregnated with alkali in an ant hill. From thefe the 
formiate of pot afh, of foda, and ammoniack, may be obtained 
by lixiviation. The formick acid has fome refemblance to the 
acetous acid ; but the identity of thefe two acids has not yet 
been proved. Mr. Thouvenel found more analogy between it 
and the phofphorick acid : hut all this wants proof. 

The formick acid retains water with fo much force, that it 
cannot be entirely deprived of it by diftillation. When it is ex- 
ceedingly pure, its fpecifick gravity is to that of water as 1.0453 
to 1. 

It affe&s the nofe and the eyes in a peculiar manner, which is 
not difagreeable. Its tafte is penetrating and burning when 
pure, but agreeable when diluted with water. 

It pofTeffes all the characters of acids. 

When boiled with the fulphurick acid, it turns black as foon 
as the mixture is heated. White penetrating vapours arife ; 
and when it boils a gas is emitted, which unites difficultly with 
diflilled water, or with lime water. The formick acid is decom- 
posed in this operation, for it is obtained m lefs quantity. 

The nitrick acid diftilled from it, deftroys it completely ; a 
gasarifes which renders lime water turbid, and is difficultly and 
fparingly foluble in water. 

The muriatick acid only mixes with it, but the oxigenated 
muriatick acid decompofes it. 

Meffrs. ArvidfTon and Oerhn have determined the affinities 
of this acid with various bafes in the following order : barytes, 
potafh, foda, lime, magnefia, ammoniack, zinc, manganefe, i- 
ron, lead, tin, cobalt, copper, nickel, bifmuth, filver, alumine, 
effential oils, water. 

This acid mixes perfectly with fpirit of wine. It unites dif- 
ficultly with the fixed oils, and with the volatile oils, by the af- 
fiflance of heat. It attacks foot ; affumes a fawn colour ; and 
lets fall a brown fediment as it cools, which by diftillation af- 
fords a liquor of a ycllowifh colour and a difagreeable fmell, ac- 
companied with elaftick vapours. 
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CHAPTER XII. 

Concerning Putrefaction. 

EVERY living body, when once deprived of life, performs a 
retrograde procefs, and becomes decompofed. This decompofi- 
tion is called Fermentation in vegetables, and Putrefaction in 
animal fubftances. The fame caufes, the fame agents> and the 
fame circumftances, determine and favour the decompofition of 
vegetables and animals, and the difference of the productions 
which are obtained arifes from the difference of the conftituent 
parts of each. 

Air is the principal agent of animal decompofition, but wa- 
ter and heat prodigioufly facilitate its action. " Fermentatio 
ergo definitur quod fitc orporis denfioris rarefactio, particular- 
umque aerearum interpofitio : ex quo concluditur debere in 
aere fieri nee nimium frigido, ne rarefactio impediatur ; nee 
nimium calido, ne partes raribiles expellantur." — Becher, Phyf. 
Sub. lib. i. f. 5. p. 313. edit. Francofurti. 

An animal fubftance may be preferved from putrefaction by 
depriving it of the contact of air ; and this procefs may be ac- 
celerated or* retarded by varying or modifying the purity of the 
fame fluid. 

In thofe circumftances wherein we fee putrefaction develop- 
ed without the contact of atmofpherical air, the effect is pro- 
duced by the water which impregnates the animal fubftance, 
which becomes decompofed, and affords the element and the 
agent of putrefaction. Hence no doubt it arifes that putrefac- 
tion is obferved in flefh clofed in a vacuum. — See Lyons, Ter- 
tamen de Putrefactione. 

Moifture is likewife an indifpenfable requifite to facilitate pu- 
trefaction ; and any fubftance may be defended from this 
change by completely drying it. This was performed by Villa- 
ris and Cazalet of Bordeaux, by means of ftoves. The meat 
thus prepared was preferved for feveral years without having 
contracted any bad flavour. The fands and light porous earths 
preferve the bodies of men only by virtue of the property of ex- 
hauftfng their juices, and drying the folids. From this caufe it 
is that entire caravans have been difcovered in Arabia, confid- 
ing of men and camels perfectly preferved in the fands under 
which the impetuous winds have buried them. In the library 
of Trinity College of Cambridge, in England, a human body 
may be feen perfectly preferved, which was found under ths 
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fand in the ifland of TenerifFc. Too much humidity impedes 
putrefaction, according to the obfervation of the celebrated 
Becher : « Nimia quoque humiditas a putrefaclione impedit, 
prout nimius calor ; nam corpora in aqua potius gradatim con- 
fumi quam putrefcere, fi nova femper affluene fit, experientia 
docetx unde longo tempore integra interdum fubmerfa prorfus 
a putrefaclione immunia vidimus ; adeo ut nobis aliquando 
fpeculatio occurreret trattando, tali modo cadavera anatomise 
fubjiciendoj quo diutius a foetore et putrefactione immunia fo- 
rent." Phyf. Sub. lib. i. f. 5. cap. 1. p. 277. 

In order therefore that a body may putrefy, it is necefTary 
that it mould be impregnated with water, but not that it mould 
be inundated. It is likewife neceflary that this water fhould 
remain in the texture of the animal body, without being renew- 
ed. This condition is requifite — 1. To diflblve the lymph, and 
to prefent to the air the mod putrefcible fubftance with the 
greateft extent of furface. 2. In order that the water may itfelf 
become decompofed, and by this means afford the putrefactive 
principle. Putrefaction is retarded and fufpended by baking, 
becaufe the flefh is dried, and by that means deprived of the 
humidity, which is one of the moft active principles of its de- 
compofition. 

A moderate degree of heat is likewife a condition favourable 
to the animal decompofition. By this heat the affinity of aggre- 
gation between the parts is weakened, and confequently they 
aflume a ftronger tendency to new combinations. Hence it a- 
rifes that flefh meat keeps longer during the winter than the 
fummer, and better in cold than in hot countries. Becher has 
given a very intelligent fketch of the influence of temperature on 
animal putrefaction : " Aer calidus et humidus maxime ad 

putrefaetionem facit corpora frigida et ficca difficul- 

ter, imo aliqua prorfus non putrefcunt, quae ab imperitis proinde 
pro fanctis habita fuere ; ita aer frigidus et ficcus, imprimis cal- 
idus et ficcus, a putrefactione quoque prefervat *, quod in Hif- 
pania videmus, et locis aliis calidis, ficco, calido aere praeditus, 
ubi corpora non putrefcunt et refolvantur ; nam cadavera in 
oriente in arena, imo apud nos arte in furnis, ficcari, et fie ad 
finem mundi ufque a putredine prsefervari, certum eft : inten- 
fum quoque frigus a putredine praefervare j unde corpora Stock- 
holmiae tota hyeme in patibulo fufpenfa fine putredine animad- 
vertimus." Phyf. Sub. 1. i. cap. 1. 

Such are the caufes which are capable of determining and fa- 
vouring putrefaction ; and hence we may perceive the belt 
means of preventing, increafing, or modifying it at pleafure. 
A body will be preferved from putrefaction by depriving it of 
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the contact of atmofpherical air : for this purpofe nothing more 
is required than to place the body in a vacuum, or to envelope 
it in a covering which may defend it from the immediate action 
of the air ; or elfe to envelope it in an atmofphere of fome gaf- 
eous fubftance which does not contain vital air. We {hall ob- 
serve, on this fubject, that the effects obferved in flefh expofed 
in the carbonick acid, nitrogene gas, &c. are referable to a 
fimilar caufe ; and it appears to me that it is without fufficient 
proof that a conclufion has been drawn, that thefe fame gafes, 
internally taken, ought to be confidered as antifeptick ; becaufe, 
in the cafes we have mentioned, they act only by defending the 
bodies they furround from the contact of vital air, which is the 
principle of putrefaction. Putrefaction may be favoured by 
keeping bodies at a fuitable temperature. A degree of heat from 
fifteen to twenty-five degrees diminifhes the adhefion of the 
parts, and favours the action of the air : but if the heat be great- 
er it volatilizes the aqueous principle, dries the folids, and re- 
tards the putrefaction. It is neceffary, therefore, for the de- 
compofition of an animal — i. That it have the contact of at- 
mofpherick air ; and the purer this air is, the more fpeedy will 
be the putrefaction. 2. That it be expofed to a moderate de- 
gree of heat. 3. That its texture be impregnated with humidi- 
ty. — The experiments of Pringle, Macbride, Gardane, have like- 
wife (hewn us, that putrefaction may be haftened by fprinkling 
the animal fubftances with water containing a fmall quantity of 
frit •, and it is to a like caufe that we ought to refer feveral pro- 
ceffes ufed in kitchens to produce this effect in food, as well as 
in the preparation of cheeie, the curing of tobacco, the making 
of bread, &c. 

Becher expreffes himfelf as follows on the caufes which pro- 
duce putrefaction in living bodies : — " Caufa putrefactionis pri- 
maria defectus fpiritus vita lis balfamini clt ; lecur.daria, deinde, 
aer externus ambicus, qui inter d um adeo putrefaciens et humi- 
dus-calidus eft, ut fuperltitum in vivis etiam corporibus oalfam- 
inum, fpiritum vincat, nifi confortando augeatur ; ex quo col- 
ligi poteft, prefervantia a putredine fubtilia ignea oleofa effe 
debere." — This celebrated chemift concludes, from the fame 
principles, tha^ ligatures, copious bleedings, or any debilitation 
whatever, determines putrefaction. He likewife thinks that 
aftringents oppofe putrefaction only by condenfing the texture 
of the animal parts ; for he confiders rarefaction or relaxation 
as the firft effect of putrefaction. He thinks that fpirituous li- 
quors act as antiputrefcent merely by animating and {Emulating 
the vis vitce. He affirms that the ufe of falted meats, which 
heat much, affiled by the moifture very common in lhips and 
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fea ports, produces the fcurvy, and he obferves, with reafon, 
that the tendency and eilecr, of putrefaction are diametrically 
oppofite to thofe of generation : " nam ficut in generatione 
partes coagulantur et in corpus formantur, ita in putrefactione 
partes refolvuntur et quad informes Hunt." 

As the phenomena of putrefaction vary according to the na- 
ture of the fubftances themfelves, and the circumdances which 
accompany this operation, it follows that it mud be very diffi- 
cult to defcribe all the phenomena which it exhibits. We (ball 
therefore endeavour to trace only thofe which appear to be the 
mod condant. 

Everv animal fubdance expofed to the air at a temperature 
above ten degrees of Reaumur,, and moiflened with its own fe- 
rous humour, putrefies ; and the progrefs of this alteration ap- 
pears in the following order. 

The colour firft becomes pale ; its confidence diminifhes ; 
its texture becomes relaxed ; the peculiar fmell of frefh meat 
disappears, and is fucceeded by a faint and difagreeable fmell. 
The colour itlelf at this time inclines to blue ; as we fee in 
game which begins to turn, in wounds which fall into fuppura- 
tion, in the various parts threatened with gangrene, and even in 
that putrefaction of the curd which forms cheefe. Mod of 
our food fuffers the firft degree of putrefaction before we 
ufe it. 

After this firft period the animal parts become more and 
more foftened, the fmell becomes fetid, and the colour of an 
obfcure brown ; the fibrous part eafily breaks ; the texture be- 
comes dry, if the putrefaction be carried on in the open air •, 
but the furface becomes covered with fmall drops of fluid, if the 
decompofition be made in veflels which oppofe its evaporation. 

To this period fucceeds that which mod minutely character- 
izes animal putrefaction. The putrid and naufeous fmell 
which was manifeded in the fecond degree, becomes mixed with 
a fmell of a more penetrating kind, avifing from the difengage- 
ment of ammoniacal gas : the mafs becomes dill lefs and lefs 
confident. 

The lad degree of decompofition has its peculiar characters. 
The fmell becomes faint, naufeous, and exceedingly active. 
This, more eipecially, is contagious, and tranfmjts the feeds of 
of infection to a great didance : it is a true ferment, which dc- 
pofitcs itfelf upon certain bodies, to appear again at long inter- 
vals. Van Swieten reports, that the plague having appeared at 
Vienna in 1677, and having again appeared in 17 13, the houfes 
which had been infected al its firft appearand were likewife 
infeded at the fecond. Van Helmont aiTerts that a woman 
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contracted an anthrax at the extremity of her fingers, in confe- 
quence of having touched papers impregnated with peftilential 
virus. Alexander Benedictus has written that pillows repro- 
duced the contagion feven years after having been infected ; 
that cords had remained infected for thirty years, and iikewife 
communicated it, according to Foreftus. The plague at Medina 
was for a long time concentrated in the warehoufes where mer- 
chandize was enclofed with fufpected bales. Mead has trans- 
mitted the moft alarming facts concerning the durable impref- 
fion of contagion. 

When the putrefying fubftance is in its laft ftage, the fibrous 
texture is fcarcely difcernable, and has no longer any appearance 
but that of a foft, diforganized and putrid mafs. Bubbles arc 
feen to efcape from the furface of this matter ; and the whole 
ends by its drying, and becoming reduced to an earthy matter, 
which is friable when taken between the fingers. 

We do not fpeak of the production of worms ; becaufe it 
appears to be proved that they owe their origin only to the flies 
■which endeavour to depofite their eggs upon fuch bodies as are 
beft fuited to fupport the young they contain. If fleih meat be 
well wafhed, and left to putrefy under a fieve, it will pafs through 
all the degrees of putrefaction without the appearance of worms. 
It has been obferved that worms are of a different fpecies, ac- 
cording to the nature of the difeafe, and the kind of animai 
which putrefies. The exhalation which arifes from bodies, in 
thefe different cafes, attracts different fpecies of infects, accord- 
ing to its nature. The opinion of thofe who believe in Sponta- 
neous generation, appears to me to be contrary to the experi- 
ence and wifdom of nature, which cannot have committed the 
reproduction and number of the fpecies to chance. The pro- 
grefs of nature is the fame for all the claffes of individuals ; and 
fince it is proved that all the known fpecies are re-produced in 
one and the fame manner, how can we fuppofe that nature de- 
parts from her plain and general laws for the fmall number of 
individuals whofe generation is lefs known to us ? 

Becher had the courage to make obfervations, during the 
courfe of a year, upon the decompofition of a carcafe in the open 
air ; and to obferve all the phenomena. The fir ft vapour which 
rifes, fays he, is fubtile and naufeous : fome days after, it has a 
certain four and penetrating fmell. After the firft weeks, rhe 
fkin becomes covered with a down, and appears yellowifh ; 
greenifh fpots are formed in various places, which afterwards 
become livid and black ; a thick moffy or mouldy fubftance then 
covers the greafeft part of the body ; the fpots open, and emit 
a fanies. 
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Carcafes buried in the earth prefent very different phenome* 
na ; the decompofition in a burying ground is at lead four times 
as flow. It is not perfectly ended, according to Mr. Petit, till 
three years after the body has been interred, at the depth of four 
feet ; and it is flower in proportion as the body is buried at a 
greater depth. Thefe facts agree with the principles which we 
have already eftablifhed for bodies buried in the earth, and fub- 
jected to laws of decompofition very different from thofe which 
take place in bodies expofed to the open air. In this cafe the 
decompofition is favoured by the waters which filter through 
the earth, and diflblve and carry with them the animal juices. 
It is alfo favoured by the earth, which abforbs the juices with 
more or lefs facility. Meflrs. Lemery, Geoffroy, and Hunaud 
have proved that argillaceous earths exert a very flow action upon 
bodies ; but when the earths are porous and light, the bodies 
then dry very fpeedily. The feveral principles of bodies abforb- 
ed by the earth, or carried by the vapours, are difperfed through 
a great fpace, imbibed by the roots of vegetables, and gradually 
decompofed. This is what pafles in burying grounds in the 
open air ; but it is very far from being applicable to the fepul- 
chres which are made in churches and covered places. Here 
is neither water nor vegetation ; and confequently no caufe 
which can carry away, diflblve, or change the nature of the ani- 
mal fluids : and I cannot but applaud the wifdom of govern- 
ment, which has prohibited the burying in churches ; a practice 
which was once a fubject of horrour and infection. 

The accidents which have happened at the opening of graves 
and vaults arc but too numerous, to render any apology necef- 
fary for our fpeaking a few words refpeefcing the method of pre- 
venting them. 

The decompofition of a body in the bowels of the earth can 
never be dangerous, provided it be buried at a fufficient depth, 
and that the grave be not opened before its entire and complete 
decompofition. The depth of the grave ought be fuch that the 
external air cannot penetrate it \ that the juices with which 
the earth is impregnated may not be conveyed to its furface ; 
and that the exhalations, vapours, or gafes, which are develop- 
ed or formed by decompofition, fhould not be capable of forcing 
the earthy covering which detains them. The nature of the 
earth in which the grave is dug, influences all its effects. If the 
ftratum which covers the body be argillaceous, the depth of the 
grave may be lefs, as this earth difficultly affords a pafl'age to 
gas and vapour ; but in general it is admitted to be neceflary 
that bodies fhould be buried at the depth of five feet, to prevent 
all thefe unhappy accidents. It is likewife neceflary to attend 



Mineral Waters, <£©! 

to the circumftance, that a grave ought not to be opened before 
the complete decompofition of the body. This decompofition* 
according to Mr. Petit, is not perfect until the expiration of 
three years, in graves of four feet depth ; or four years when 
they are fix feet deep This term affords many varieties, ac- 
cording to the nature of the earth, and the constitution 
of the fubjects buried in it ; but we may confider it as a 
medium. The pernicious cuftom which allows a fingle grave 
to families more or lefs numerous, ought therefore to be fup- 
prefTed ; for in this cafe the fame grave may be opened before 
the time prefcribed. Thefe are abufes which ought to occupy 
the attention of government ; and it is time that the vanity of 
individuals fhould be facrificed to the publick fafety. It is like- 
wife neceffary to prohibit burying in vaults, and even in coffins.. 
In the firft cafe, the principles of the bodies are fpread into the 
air, and infect it ; in the fecond, their decompofition is flower 
and lefs perfect. 

If thefe precautions be neglected ; if the dead bodies be heap- 
ed together in too confined a fpace ; if the earth be not proper 
to abforb the juices, and decompofe them ; if the grave be opened 
before the entire decompofition of the body — unhappy accidents 
will, no doubt, be produced ; and thefe accidents are but too 
common in great towns where every wife precaution is neglected. 
An inftance of this happened when the ground of the church of 
St. Benoit at Paris was dug up a few years ago ; a naufeous va- 
pour was emitted, and feveral of the neighbours were affected 
by it. The earth which was taken out of this grave was unctu- 
ous, vifcid,and emitted an infectious fmell. Meffrs. Maret and 
Navier have left us feveral fimilar obfervations. 



Concerning Mineral Waters. 

1. HE name of Mineral Water is given to any water 
whatever which is fufBciently loaded with foreign principles to 
produce an effect upon the human body, different from that 
which is produced by the waters commonly ufed for drink. 

Men, doubtlefs, were not long in attending to the differences 
of waters. Our anceftors appear even to haye been more 
ftrictly attentive than ourfelves to procure wholefome drink. It 
was almoft always the nature of the water which determined 
their preference in the fituation of towns, the choice of habita- 
4...E 
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tkms, and consequently the union of citizens. The fmell, the 
tafte, and more efpecially the effects of waters upon the animal 
economy, have been thought fufficient, during a long time, to 
determine their nature. We may fee in the writings of Hip- 
pocrates, how much observation and genius are capable of per- 
forming in fubjects of this nature. This great man, of whom it 
would afford but a very imperfect idea to confider him merely 
as the Father of Medicine, was fo well acquainted with the in- 
fluence of water upon the human body, that he affirms that the 
mere quality of their ufual drink is capable of modifying and 
producing a difference between men ; and he recommends to 
young phyficians to attend more particularly to the nature of the 
waters their patients ought to ufe. We fee the Romans, who 
were frequently under the neceffity of fettling in parched climates, 
fpared no exertions to procure wholefome water to their colonies. 
The famous"' aqueduct which carried the water of Uzes to Nif- 
mes, is an unequivocal proof of this ; and we (till poffefs feve- 
ral mineral fprings at which they formed colonies for the advan- 
tage of the baths. 

It was not till near the feventeenth century that the applica- 
tion of chemical methods to the examination of waters was firft 
made. We are indebted to the prefent revolution of chemiltry 
for the degree of perfection to which this analyfis has been car- 
ried. 

The analyfis of waters appears to me to be necefTary, in 
order — 

i. That we may not make ufe of any water for drink but fuch 
as is wholefome. 

2. That we may become acquainted with thofe which poffefs 
medicinal virtues, and apply them to the ufes to which they are 
fuited. 

3. To appropriate to the different works or manufactories 
that kind of water which is the bed calculated for their refpec- 
tive purpofes. 

4. To correct impure waters, or fuch as are either impregnat- 
ed with any noxious principle, or charged with any fait. 

* 5. To imitate the known mineral waters, in all places and at 
all limes. 

The analyfis of mineral waters is one of the mpft difficult 
problems of chemiftrv. In order to make a perfect analyfis, it 
is necefTary to be aware of ail the diitindtive characters of the 
fubftances which may be held in folution in any water. The 
operator muft be acquainted with the means of feparating from 
an almoft infenfible refidue the different fubftances which com- 
pofe it. He mult be able to appreciate the nature and quantity 
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of the products 'which are carried off by evaporation ; and like- 
wife to afcertain whether certain compounds are not formed by 
the operations of his analyfis, while others may be decompofed. 

The fubftances contained in waters are held either in fufpen- 
fion or in folution. 

1. Thofe fubftances which are capable of being fufpended in 
waters are, clay, files in a ftate of divifion, calcareous earth, 
magnefia, &c. 

Thofe which are foluble are, pure air, the carbonick acid, pure 
or compound alkalis, lime, magnefia, the fulphates, the muriates, 
the extractive matter of plants, hepatick gas, &c. The molt 
ancient, the moft general, and the mod fimple divifion of mine- 
ral waters, is that which diftinguifhes them into cold waters, 
and hot or thermal waters, accordingly as their temperature is 
the fame, or exceeds that of common water. 

A divifion founded on the feveral qualities of thefe waters, 
will arrange them in four claries. 

I. Acidulous or Gafeous waters — Thefe are known by their 
penetrating tafte ; the facility with which they boil ; the disen- 
gagement of bubbles by fimple agitation, or even by mere 
ftanding ; the property of reddening the tinfture of tumfole ; 
the precipitating lime water, &c. 

They are either cold or hot. The firft are thofe of Seltz, of 
Chateldon, of Vals, of Perols, &c. The fecond are thofe of Vi- 
chi, of Montd'or, of Chatelguyon, &c 

II. Saline Waters, properly fo called. — Thefe are character- 
ized by their faline tafte, which is modified according to the na- 
ture of the falts they contain. The falts moft generally found 
in waters are, the muriate of magnefia, the fulphates of foda, 
of lime, &c. Our waters of Balaruc, of Yeufet, &c. are of this 
nature. 

III. Sulphureous Waters. — Thefe waters have long been 
confidered as holding fulphur in folution. Meffrs. Venel and 
Monnet oppofed this affertion. Bergmann has proved that moft 
of thefe waters are merely impregnated with hepatick gas. It 
appears, however, that there are fome which hold true liver of 
fulphur in folution, fuch as thofe of Bareges and of Cotteret ; 
whereas the waters of Aix la Chapelle, Montmorency, &c. are 
of the nature of thofe mentioned by Bergmann. We may, with 
Mr. de Fourcroy, call the firft by the name of Hepatick Wa- 
ters, and the latter by the name of Hepatized Waters. _ 

This clafs is known by the fmell of rotten eggs which they 

emit. 

IV. Martial Waters. — Thefe have the property of exhibit- 
ing a blue colour by the folution of prufliate of lime : they 
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have befides a very evident aftringent tafte. The iron 19 held 
in folution either by the carbonick or the iulphurick acid. In 
the firft cafe the acid is either in excefs, and the water has a 
penetrating fubacid tafte, as the waters of Buflang, Spa, Pyr- 
mont, Pougue,&c. or the acid is not in excefs, and confequent- 
ly the waters are not acidulous j fuch are the waters of Forges, 
Conde, Aumale, &c. Sometimes the iron is combined with 
the fulphurick acid, and the water holds in folution a true ful- 
phate of iron. Mr. Opoix admits this fait in the waters of Pro- 
vins ; and thofe of Rougne near Alais are almaft faturated with 
it. Mineral waters of this quality are frequently found in the 
vicinity of ftrata of pyrites. There are feveral near Amalou, 
and in the diocefe of Uzes. 

There are fome waters which may be placed indiscriminately 
in feveral of the clafles Thus, for example, there are faline wa- 
ters which may be confounded with gafeous waters, becaufe air 
is conftantly difengaged from them. The waters ofBalaruc 
are of this kind. 

We do not comprehend among mineral waters thofe which 
fuffer gas to efcape through them, without communicating 
any chara&eriftick property > fuch as the burning fpring 
of Dauphiny, & c. 

When the nature of any water is afcertained, its analyfis may 
be proceeded upon by the union of chemical and phyfical means. 
I call thofe methods phyfical which are ufed to afcertain certain 
properties of water without decompofing them. Thefe meth- 
ods are, for the moft part, fuch as may be carried into effect at 
the fpring itfelf. The appearance., the fmell, and the tafte af- 
ford indications by no means to be neglected. 

The limpidity of any water indicates its purity, or at lead 
the accurate folution of the foreign principles it may contain ; 
an imperfect tranfparency denotes that foreign fubftances are 
fufpended. Good water has no fmell : the fmell of rotten eggs 
denotes liver of fulphur, or hepatickgas •, a fubtie and penetra- 
ting fmell is proper to aeidulous waters ; and a fetid fmell 
characterizes flagnant waters. 

The bittemefs of waters in general depends on neutral falts. 
Lime, and the fulphates, give them an % ,le. 

It is likewife of importance to ascertain the fpecifick gravity 
of the water, which may be done either by the means cf the 
reometer, or by the eemparifon of its weight with that of an e- 
qual volume of diftilled water. 

The degree of heat muft likewife be taken by means of a 
good mercurial thermometer. Thermometers made with . 
fpirits of wkte ought to. he reje&ed ; becaufe tht dilatation, 
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ter the thirty fecond degree of Reaumur, is extreme, and no 
longer correfponds with the temperature of the water. It is 
interefting to calculate the time which the water requires to be- 
come cool, in comparifon with diftilled water raifed to the fame 
degree of temperature. Notice muft likewife be taken wheth- 
ther any fubftance exhales, or is precipitated by the cooling. 

The obferver ought likewife to enquire whether rains, dry 
feafons, or other variations of the atmofphere, have any influence 
on the temperature or quantity of water of the fpring. If thefe 
caufes act upon the fpring, its virtue cannot but vary exceeding- 
ly. This is the caufe why certain mineral waters are more 
highly charged with'thefe principles in one year than in another ; 
and hence alfo it arifes that certain waters produce wonderful 
effects in fome years, though in other feafons their effects are tri- 
fling. The celebrated De Haen, who analyfed for feveral fuc- 
ceflive years all the waters in the neighbourhood of Vienna, 
never found them to contain the fame principles in the fame 
proportion. It would therefore be an interefling circumftance, 
if, at the time of taking up or bottling of thefe waters a flcilful 
phyfician were to analyfe them, and publifh the refult. 

After thefe preliminary examinations have been made at the 
fpring, further experiments muft be made according to the me- 
thods of chemiftry. Thefe experiments ought to be performed 
at the fpring itfelf : but if this cannot be done, new bottles 
may be filled with the water ; and, after clofing them very ac- 
curately, they may be carried to the laboratory of the chemift, 
who muft proceed to examine them by re-agents, and by the 
method of analyfis. 

I. The fubftances contained in water are decompofed by 
means of re-agents ; and the new combinations or precipitates 
which are formed, immediately point out the nature of the prin- 
ciples contained in the waters. The mod efficacious and the 
only neceflary re-agents are the following : 

1. Tincture of turnfole becomes red by its mixture with a- 
cidulous waters. 

2. Prufliate of lime, and that of ferruginous potafh not fat- 
urated, precipitate the iron contained in a mineral water of a 
blue colour. 

3. The very concentrated fulphurick acid decompofes mod 
neutral falis; and forms with their bafes falts very well known, 
and eaffly diftinguifhed. 

4. The oxalick acid, or acid of fugar, difengages lime from 
all its combinations, and forms with it an infoluble fait. 

The oxalate of ammoniack produces a more fpeedy effect j 
for, by adding a few cryftals oi this fait to water charged with 
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any calcareous fait, an infoluble precipitate is inftantly form- 
ed. 

5. Ammoniack or volatile alkali affords a beautiful blue col- 
our with the folutions of copper. When this alkali is very pure, 
it does not precipitate the calcareous fak, but decompofes the 
magnefian only. In order to have it in a highly cauftick ftate, 
a fyphon may be plunged in the mineral water, and ammoniacal 
gas or alkaline air paffed through it. The water ought to be 
kept from the contact of the atmofphere, which otherwise might 
©ccafion a precipitation by virtue of its carbonick acid. 

6. Lime water precipitates magnefia ; and it likewife precip- 
itates the iron from a folution of fulphate of iron. 

7. The muriate of barytes detects the fmallefl particle of fill* 
phurick falts, by the regeneration of ponderous fpar, which is 
infoluble, and falls down 

8. Alcohol is a good re-agent, on account of its affinity with 
water. 

The nitrates of filver and of mercury may likewife be employ- 
ed to decompofe fulphurick or muriatick falts. 

II. Thefe re-agents, indeed, point out the nature of the fub- 
ftances contained in any water ; but they do not exhibit their 
accurate proportions. For this purpofe we are obliged to have 
lecourfe to other means. 

There are two things to be confidered in the analyfis of any 
water: 1. The volatile principles. 2. The fixed principles. 

1. The volatile principles are carbonick acid gas and hepat- 
ick gas. The proportion of carbonick acid may be afcertained 
by various procefles. The firft, which has been ufed by Mr. Ve- 
nd, confifts in half filling a bottle with the gafeous water, intend- 
ed to be analyfed. A bladder is then to be tied upon the neck 
of the bottle, and the water agitated. The air which is difen- 
gaged inflates the bladder ; and by that indication an eftimate 
may be made of its quantity. This procefs is not accurate ; 
becaufe agitation is not fufficient to difengage the whole of the 
carbonick acid. Neither is the evaporation of the water in the 
pneumato-chemical apparatus much more exact •, becaufe the 
water which rifes with the air combines again with it, and the 
gafeous product confifts only of a part of the gas contained in 
the water. The precipitation by lime water appears to me to 
be the molt accurate procefs. Lime water is poured into a de- 
terminate quantity of the water, until it ceafes to caufe any pre- 
cipitate. This precipitate being very accurately weighed, 
parts of the whole mud be deducted for the proportion in which 
water and earth enter into ft ; and the remainder is the acid 
contained in this carbonate of lime. 
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Hepatick gas may be precipitated by the very concentrated 
nitrick acid, according to the experiments of Bergmann. 

The oxigenated muriatick acid has been propofed by Scheele ; 
and Mr. De Fourcroy has pointed out the fulphureous acid, the 
oxides of lead, and other re-agents, to precipitate the fmall 
quantity of fulphur held in folution in hepatick gas. 

2. Evaporation is commonly ufed to afcertain the nature of 
the fixed principles contained in any mineral water. VefTels of 
earth or porcelain are the only kind fuitable to this purpofe. 

The evaporation muft be moderate ; for ftrong ebullition vol- 
atilizes fome fubftances, and decompofes others. In proportion 
as the evaporation proceeds, precipitates are afforded, which Mr. 
Boulduc propofes to take out as they are formed. The cele- 
brated Bergmann advifes evaporation to drynefs, and to analyfe 
the refulue in the following manner : 

i. This refidue muft be put into a fmall phial, and ftrong- 
ly agitated with alcohol ; after which the fluid muft be filtrated. 

2. Upon the refidue pour eight times its weight of cold dif- 
tilled water ; agitate this, and filter the fluid, after (landing 
feveral hours. 

3. Laftly, the refidue muft be boiled for a quarter of an hour 
in five or fix hundred parts of diftilled water, which fluid muft 
be feparated by filtration. 

4. The refidue, which is neither foluble in water nor in al- 
cohol, muft then be moiftened, and expofed for feveral days to 
the fun : by this treatment, the iron which it may contain, rufts. 
It muft then be digefled in diftilled vinegar, which diflblves lime 
and magnefia ; and this folution, evaporated to drynefs, affords 
either an earthy fait in filaments which are not deliquefcent, or 
a deliquefcent fait ; which laft has magnefia for its bafe. The 
infoluble refidue contains iron and clay, which are to be diflblv- 
ed in the muriatick acid. The iron is firft to be precipitated by 
the pruffiate of lime •, and afterwards the clay by another alkali. 

The falts which the alcohol has diflblved, are the muriates of 
magnefia and of lime. They are eafily known by decompofin j 
them by the fulphurick acid. 

With refpeft to the falts diflblved in the cold water, they muft 
be flowly cryftallized ; and their form, and other obvious quali- 
ties, will fhew what they are. 

The folution by boiling water contains nothing but fulphate 

of lime. 

When the analyfis of any water has been well made, the fyn- 
thefis becomes eafy ; and the competition or perfect imitation 
of mineral waters is no longer a problem infoluble to chemifta 
What, in fact, is a mineral water ? If is rain water, which, fil- 
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tering through the mountains, becomes impregnated with the 
various foluble principles it meets with. Why, therefore, when 
once we know the nature of thefe principles, can it not be pofli- 
ble to difiblve them in common water, and to do that which 
nature itfelf does ? Nature is inimitable only in its vital opera- 
tions ; we may imitate its effeds perfectly in all other proceff- 
es : we may even do better ; for we can at pleafure vary the 
temperature and the proportions of the conftituent parts. 1 he 
machine of Nooth, improved by Parker, may be made ufe of to 
compofe any gafeous mineral water, whether acidulous or hepat- 
ick ; and nothing is more eafy than to imitate fuch waters as 
contain only fixed principles. 
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